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EXHAUSTIVE TRACE IMPURITY ANALYSIS OF NIOBIUM 
MATERIALS MADE BY THREE DIFFERENT PROCESSES 

ABSTRACT 

Three lo;ts of niob11Jlll metal by d1fferent manufactur1ng processes 

·,.;ere reduced to pcmder, anc:J.J.yzcd, and subrn1 t ved to Kemet for evaluat1on for 

use 1n capacitors. 

Nev analyt1cal methods for the deterrU1nat1on of less than 20 p.p.m. 

f }' of t1tam.um, alumul1Jlll, s1l1con, vanad11Jlll, tin, and Zlrconium 1n niobium vere 

developed. These new methods vere necessary 1n order to know precisely the 
! .. 
t ce-mJ?OSl tJ.or:s of the types of n1ob1um tested 1n thu3 contract. 
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Job Order No 840-95379-P 
Niagara F'alls, New York 
June 7, 1963 

EXHAUSTIVE: TRACE IMPUR:p'Y _ANALYSIS OF NIOBIUM 
MATERIALS ··MADE BY THREE DIFFERENT PROCESSES 

I. J;J:il'!RODUCTION 

In the latter part of 1962 a contract between Kemet Department, Linde 

Company, and the Navy was lD,ltiated t_o study and_develop niob:j..um, capacitors. A 

.:::ubcontract t.Q Union. Carb~de }1~tals c;_ompa:qy, Metals Rese.arch Labq;ratory, was 

=.-.l?..rq,_e·d to ass1Rt 1n extens:~, ve chemical analys1s work and met):+od development. 

It ~~s- ant1cipat~d that_a c;q-ordinat~d electrical and composition ev~luation of 

-:;e niob1um metal used-for preparati"an of capac1tors would help identify the 

'~pur1t1~s .ma1nly responsibie for degradat1on of d1electr1c niobium oxide films. 

_,. . ,Three lots (50 pounds each.) of n~obi urn from three diffe;rent manufacturing 

-::rocesses were rece:iyed f_rom Kemet: -

Material 1 - Niobium granules prepared by hydrogen-reduction 

of pehtachlor1des. 

Matenal 2 - N"iob.+um granules. (100 mesh \JY down) .made by 
~arbotheri:rnc · reduct10n of -the -pentci:icide. 

M:J.ter1al 3 - N_1obium sheet prepared by a propr.J.etary process. 

-~..ll <::-:lree lots of n1o b1. urn metal _were sampled and analyzed _for impurities in the 

=.s-::-ece1ved cond1t1on. Since Material 3 was in sheet form, the metal was sampled 

fo::- ~:le oxygen det~_rm1.nat1on by shear1ng long, str1ps and then small pieces from 

-:r;ese s-cr1.ps. Dnllings .. thro_ughout the plafes were .collected for the other 

·iet.errrnna t1ons 

Follow1ng the in1t1.al analyses, a s1zable port1.on of each material was 

::-et.urped to Kemet for _the capacitor 1.nvestigations. S1iice a particle size of less 

-.:n2..n .:!-00 mesh was requested, 1t was necessary to hydride all these metals before 

.:::lZe reduction by cr-ush1ng and ball m1ll1ng. The final metal powders were reanalyzed 

~o :::ete~1ne 1mpurity pickup before del1very to Kemet for evaluation for capac1tors. 

Several 1mp~1.ty elements were, bel1~ved to have appreciable effect on the 

i'i.r·"'l capac1tor and man·y .of these elements were present in concentrat1ons below 

?J :p p.m. Tnus, 1 t was ·.necessary to develop analytical methods of adequate sensl

-.:.!.-..-1-cy and reproduc;1.bil1ty for: the analys_is. No pub],1.she_(j_ meth9d;;, for example, are 

::.'fE-llable for t1tani1JID, ZlrCOn:].Ull)., vanadium, siJlcon, Qr aluminum~ as well as several 

•:;'".::ler elements 1n the concentrat:ion range below 10 p.p.m. in niob1um metal. A survey 

cd )2 laborator1es 1n l961,by the Materials Adv1sory Board of th~- Nationa~ Academy 

'?I~ .. $c1ences., j\efractory Metals Sheet Rolling Panel, .1nd1cated tl:lat analytical labora

i-q?~_es ·do not ordinar1ly determ1ne trace elements-·below 50 p.p.m: in niobium . .. ~. """:... ~ .. 

This report descr1be.s the method of prepar1ng the samp+e powder£?;_ composi-

--; .. ___ -_-,.:o_,.,-_·.~-~o_.!.~J..o~~-~._the P.owders, the analyt1ca~ method development, and., the ar1alyt~cal procedures 
---~ · tne determinations. 

- l -
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II. PREPARATION OF METAL POWDERS 

Kemet desired to study impur1ty effects on capacitors prepared from 
21obi~~ powder (100 M x ·D); therefore, it was necessary to reduce the particle 
s1.ze of the three lots of ·metal. 

A prellffiinary study of ox1dat1op of powdered niobi~ metal 1n.air was 
~de before reduc1ng large quantities of metal. Niobium metal (Material 2) was 
c-::--usned to approxunately 8 M x D 1n air. A portion of this material was analyzed 
rc•r oxygen, the remaimng mater1al ground by hand 1n a dri box to 200 M x D and 
.)25 H x D 1n a dry argon-atmosphere. The two fract1ons were then analyzed for 
ox~-gen before exposure to a1r, then exposed to a1r for various periods of time 
=..IlC. analyzed for oxygen. From the results shown in Table I,, it can be 1nferred 
t-h-?.~ no detectable 1ncrease 1n oxygen occurs upon exposure to a1r for 96 hours 
of 200 M x D n1obium powder. A poss1ble sl1ght p1ckup of oxygen occurs with the 
)2). M x D powder. 

TABLE I 

OXIDATION EFFECT OF EXPOS1.ffiE OF NIOBIUM POWDER TO AIR* 

Screen Size 

8 M x D (as-received) 

200 M X D 
Before exposure 
1 hr. 
3 hr. 
16 hr. 
96 hr. 

325 M x D 
Before exposure 
1 hr. 
3 hr. 
16 hr. 

Oxygen Content 
(%) 

0.)0 

0 32 
0.)5 
0.)0 
0.)0 
0.)2 

*Reported values by the vacuum fus1on method used are 
not. more prec.ise than 2: 0. 02% at the 0. 3% level. 

It has been cla1med by members of the ASTM Task Force for the determlna
;:.::cor:. of oxygen :Ln n1obJ.um s1nce this test was made that the powder slowly ox1d1zes 
>..:pen long stand.1ng. 

'J'hls was tested by reanalyz1ng a sample of powder after it had been 
::to~ed )n .. C: sample bottle for SlX months. The oxygen; vrhich was or1ginally reported 
.::-t 0 .15%· .. was found to be 0 .19'}0. - Thus, t'he powder does gain slightly 1n oxygen 
~o~~en~'~nen stored. 1n the presence of a1r. 

- 2 -
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IhobJ.u!n meti:eJ. 1s not reacllJ.y cr!Jshell l.Il the usual type of Javr crushers 

or reciuced to pm;der Hl r:. l;aJ.l rl1.lll but the hydr1ded metal can be reduced 1n 

s1ze f:nrly ree.d1J,.y, .. The metal .. ii8.S hydrogerp.ted. by Umon Carbide Stelli te Company 

at Jll'(2 °F, .Ln hydrogen, then cooled slo1.lly at 50 ° per hour, rninn-taunng u sl1ght 

poontJ.ve pres:3Ure of hydrogen. Very l1tt1e oxygen 1-.ras 1ntroduced by the hydr1ding 

step as shovm 1n Table II. 

Ident1f1ca tlCm 

MaterHil 1 

2 

·3 

TABLE II 

COM:fAIUSON OF HYD:£3.0GEN, OXYGEN, AND NITROOEN CONTENT 

OF N ..... OBITJM J'.fETAL BEFORE AND AFTER HYDRIDING 

% 
Ee:f:'ore l-Iy<irHllng 

9h -=%07'· -- % % 
Oxy(~-~E. ~ydroe;en lh t~ogen Oxygen Hydrogen N1trogen 

<0,01 0.00'{ 0.0003 <0.01 o.6lt <0.01 

(), 2::) 0.062 0.012 0.)0 0.!36 0.01 

0 en 0.0012 0 0025 o.oG 0.613 0.0) 

S'ma11 sc.mplcs of t,he hycln.d.ed rn~tul ',.;ere then bal1-m:tlled 1n a rn1ll l1ned 

1ntb rnob1um and equ:tpiJed ,,nth nLObJ.urn gr:tncilEg meduL Mater:tals 2 and 3 reduced 1n 

Sli3e fcnrJ.y reacllly hut fllate:nal 1_, Hlnch comnsteci of round granules (beads) could 

not be reduced 1n s1ze by bal1 m1J.l1ng 'rhese e;ranules vrere cold. worked by roll1ng 

them to t1ny p1ntejets. It then 1-m.s poss1ble to reach the O.:J% hydrogen leveL The 

ingh-hydrop;en mehl]_ could lie h'-11 nulled. 

The proces:i of ro.J.LLng Matervil J.,. hmreve:r, 1.ntro<luced large concentrat1ons 

of 1mpu-r l~lCS All. Ll·,r; po,rdered. :.;<-unp:lcs •.1erc put through e .. Fr<1nt:.s Iso<lynarrnc Separa-

C.<Jr ·to rcmove tr!::ll711:J .u ore o-r oL:-hcr mr<o;ctJ.c U!l~lUrlt:Les. 'rhe f.hter .tal 1 pov;cier ulso 

1ras 1ea.chc6. \.'l.th h~·dr•x:Jll.or:Lc ccC.l.d t,c <l1sso.lvc HlpUrJt:lef; but not all of the lmpurl-

tu:-:o uere coml'-LctcJy rel'"ovcCi by th:u:; trcatmcnt 13ec:ause of th1s h1gher level of 

UilJY•lTJ.ty. granules :f_t.n:;.lly Fer<.; scrlt t.o Kcmet for :::nM~ Te<luct:LOn 1n the1r equ1pment. 

Am::.lys:u; of tb.is materl.!'l.J L> snc•rn u1 'l'abJ e III. Ap])r'OXlmu.tcJy 5 poun<ls of et,ch 

I;;.ateYl2ll 'Jere prepared (100 M x D), iidmp.lell f'm· analyfn<>, and fonrarcled to Keme~ 

for eva.J ua-L 1on . 

'The three lou; ct ;n_ob:nun \-rere ';ampJed for u.nalys1s u1 the as-rece1 ved 

-:tate. A quall tatl vc ana.lys1s by emist>lC•;; spectroscopy 1ncl1cated the presence or 

e.bser1ce or\.·varlous elements and tb.e reJ:l s~·~,e eoncentratJOI1G o.f tl1ose present. 

Those el(2ments knovm to be present Here then determu1ed quant1tat1vely by 

e..Ilproprl;_;.te tlm1lyt1caJ -Lcclm_Lques, Ho-...rever, the EJ.nalyFas on the as-rece1ved meta1s 

vaf; mereJ.v u:.ed D.s aE lEd:tc<o:tlcn of the conccntTn.t:Lon level of the various lmpurJ.

tJ es so -Lhs.t 1t could ·ce _de·Lenm.ned what ana1y"u Lcnl met!.l.od. mod.lflco.t·Lon or devclop

rnent 1·!d.S requ1.rccl 1l!1e Y:f~su1LE3 o.n the ns-f'eCelvcd rnetJ~.t1 ~:;ampJ.e:::; are shO\.Jn 1n Table 

III c .. E; i.'cl.l aE; tbe an::lysc.~3 of' ·U1c fu1al pmiders d..ftcr hycirJ.d1ng and. s1ze reduc·tH:>n 

,,u; they 1:i<:re subm.L tte~d :.o Kcm<:t. 

UCCNHT0000227 

.j 



TABlE ·-III-
- : 1 ~ ·' ·-

ANALYSES OF NIOBIUM -FROM TlffiEE DIFFERENT. PROCESSES 

1 2 3 
Hydr-ogen Reduced Carbon Reduced Proprletary 

Frorri. Pentachlor-ide From J?ehtox:tde .. Process Method of 

H + M H + M H + M Determina-

ElEMENT, ppm C 
0 
H 
N 
B 
Al 
Ca 
Cr 
Co 
Cu 
Fe 
Ll 
Mg 
Mn 
Mo 
Ni 
Si 
'I· a 

'Il 

v 
w 
Zr 

Sn 

As Reed, 

30 
60 
71 

3 
0 .l• 

<4oa 
<20 
13 

<10 
6 

130 

<20 
< 5 

4 
15 

<50 
730 

<20a 

58 
3 

10 

-100 M x. D* 

So 
1~00 
7500 
170 

0.5 
24 

<30 
19 

< ·2 
6.5 

278 
< 1 
<30 
18 
6.5 

15 
20 

7800 

5 
0.5 

176 

4 
4 

10 

As Be'cd. 100M x·D*· As Reed. 100 M X D* 
.-: -
' 
70 110 80 225 

2800 2700 650 1500 
620 7800 12 66oo 
120 237 25 43 

0.4 0.2 0.5 0.3 
<l+O <30 <4oa 30 

20 <30 <20 <30 
15 12 11 11 

<10 < 2 <10 2 
6 7 47 44 

18ob 67 110 187 
< 1 5 

<20 <30 <20 <30 
< 5 < 5 < 5 < 5 

34 36 4 4 
8 14 .21 22 

<50 17 <50 140 

970 1100 320 3500 
3200 

25 <20a 
~~5 9 

!} < 0.5 
4oo 361 < 5 < 5 

0.8 1 
10 10 

9 15 
< 5 !.~ 15 

lj. 8 

NOTES; H = Hydrided 
M = Mllled 
a = not detected 
b = Average of l} analyses ranglng from' ·90 to 300 ppm, indicating tramp iron. 

Magnetic separation Has Jl!ade on the flna1 powder. 

* Nomlnal SlZe. · 
uetection Methods:. (1) Comb'ustion '.cop.ductoJl!etnc_; .(~) Vac~up1 fusion; 

( 3) DiStll_la;t:lo'~:-s:Pe~c~_:fophc:itometr_lC; un_ Ennsst.on, spectrog:raphlC; 

( 5) Spectrophotometnc_; ( 6) _EXt.ract~on-emlSS,J-Oh spectrog·raphic; 

(7) Ion exc!iange-emlSSlon spectrographlc;, (8) Ion exchange

spectrophotometrlc; (9) X-ray fluorescence. 

- l+ -

tion 

(1) 
(2) 
(2) 
(3) 
(4) 
(4) 
(4) 
( 5) 
(5) 
(5) 
(5) 
(4) 
(4) 
(5) 
(5) 
(5) 
(4) 
( 5) 
(9) 
(4) 
(7) 
(7) 
(5) 
( 6) 
(7) 
(8) 
(5) 
(7) 
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All the final powders conta1ned h1gher concentrations of carbon, nitrogen, 
;:..::.::::1talum-, and, of course, hydrogen intentionally from the hydr1ding processes. 
Cxygen.·increased in M9..terlals 1 and 3; chrom1um, manganese, tungsten 1ncreased 
~1gp1ficantly 1n M9..terJ.al 1. 

The 1ron content of Material 2 was cons1derably reduced by the Frantz 
Iscd.jpapuc Separator since it ;.ras known that the material had been reduced to 
lO l·(?C·::D irr- non cr-ushers·. M9.terials l-and 3 increased in iron· content. 

Apparent d1screpancies 1n aluminum, calcium, silicon, titanium, and zir
·:onl~ result because the orig1nal analySlS ivaS made lvith leSS sensitlVe methods than 
o:.ne•llliproved analyt1cal methods developed for analys1s of the f1nal powder. 

·:.··. Several elements Here not detected. These are shoHn 1n Table IV along 
~ .. --t'-:.:l':,.the·· estlma ted detect1on sens1 t'i v1ty. 

>i ~-

... __ , --~- . ~-~ 

TABLE IV --~ . 

otHER E.LEMENTS SOUGHI' BUi'_ NCJI' DETECTED IN ANY OF THE NIOBIUM MATERIALS 

__ , __ 

I .,..·, •• 

ft ..... :. .-:,. ..... - ~--

; .. ~-~. - ~ •·. '· 

: : ; .. -

Element 

Sb 
Be 
Bi 
Cd 
Ce 
Cs 
Ga 
Ge 
Au 
In 
Pt 
K 
Pb 
Os 
Pd 
Zn 

Est1mated Detect1on 
Sensitivity ppm 

20 
10 
20 
10 

500 
10 

3 
5 

10 
5 

50 
2 
5 

50 
10 

100 

IV, ANALYTICAL METHOD DEVELOPMEN',[' 

Very feyr anal:y"t1cal methods for the determ1nat1on of traces of various 
/ ':Ole:!!-e:1_:::.s 1p. niob1um metal 1n the concentration range :mterested (below 20 p.p.m.) 

~-r.. ££-~-= Deen pub1J...shedo Most published papers refer to procedures appl1cable f'or 
:::~;2Et.L~S.l:l~ely determ1n1ng elements Ul nlo1Jium do1m to approx1mately 0.01% (100 

,= .• 

~-
_/;-

p.::•.m.) Div1S1on R, A.S T.M., task force on chem1cal analys1s of n1obJ.um metal 
~:: '::::tr: c•een concerned 1nth ultra hlgh-purJ.ty n1ob1um although th1s task force has 

- 5 -
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stud1 ed _oxygen, hydrogen, nl trogen, carbon_. 1ron, molybdenum_. tungsten, zirconnun, 
and tantalum 1n n1obium. Most lmpurity specif1cat1ons for n1obium metal are above 
100 p p.m.; therefore, the A.S.T.M. has not evaluated techniques for concentratwns 

below 100 p.p.m. 

The Te~hnology Ahalyti5:ai ~qorqtpr;y.. h,as ,had: co:r\sid.e~~ble experience_ for 
the pa,s:t ten years 1n_ th,e, determi_nation o_:f trace e;J-e,m~nts m niobium metal; there
fore, most of the elements of 1nterest could be analyzed by established company 
techniques. 

From the analy_SlS ,of the ~hree lots of .nioln~ as-received metal, lt \-laS 
concluded that the 1mpur1ty levels of the elements were such that they fell 1nto 
three categones: (1) ex1sting."UCM.methods wh;i,.gh were of. suita,ble accuracy, precl
Slon a,nd sensltivlty--tant8.]_,.mi·, ,turig,steri, mo'J...yBdenum; ca,;r~on,: ·oxyg~n, hydrogen, 
n1trogen, b9ron, chromnim, mcke:J;;·· uon, and manganese; (2} _ex1st1ng UCM !]lethods 
wh1ch we;re appl1cable w1th m1rior modl:t:'lcat:i,ons .. such .?-s -change .Hi sample size or 
modi,ficatwns 1n the measurement of the co'lore·d system--cobalt~ copper; (3) method 
development would be ~equ1red.to a~equately measure the element at low levels of 
concentration (<50 p.p.m. )--titanium, Z1rcon1um, vanadium, t1n, and lithlum. other 
elements such as calclum _anq. rn.agnes1-um w~re ~q_t, c,ons1dered,_ of suff'lcient ~portance 
to requ1:re _better ana;Lytlcal methods. Alum;t.-nlim and _s1l1con were felt to be of 
lmportance and method development ilaS carr1ed out on th_ese two elements and '<Till be 
descr1bed 1n the report for Task A, Activ1ty 0, "~reparat1on of Hlghly Purlfied 
Niob1um Powders." ·· 

Since it was qu1te ev1dent that it would be lmpossible 111 most cases to 

determ1ne t1tan1um, Z1rcon1um, tin, or vanadium d~r~ctly 1n n1obium metal by emls
Slon spectroscopy, X-ray spectroscopy, and spectrophotometry without a prelulllnary 
chenncal separation_ several separat1on-concentratlon techn1ques were evaluat~d. 
The separat1ons evaluc.ted i·iere rmtterned after some of those described 1n the 
11 terature i.fhlch :tnvolved removal of the Elobnun by e1 ther liqu1d-l1quld extrac-
tlOn (14), llqmd 10n cxc:hange (5L or column 10n ex,change .(9, ,10,_, 12). The desued 
const.1tuent cou:J...d then be determ1ned ·~lther w1th._.a spectr0p})otolJ!etGr, .or em1ss1on 
spectrograph, Slnce _multlple determlnatlons ori.a sample- can be made SlffiUltaneously 
\iJ.th the emlSSlon -spectrog:r~aph, 1t wo.uld .,be 'most de~·uable tp_ develop t.hls t~~hmque. 
Because Of the, 1ncreased sensltlVlt·y: of 'many colo~-form1ng organlC reagents and 
better sp_eciflclty, -{t Has conclud~d that sp~ct_rophotomet:nc' methods sh~Uid also 
be 1nvest1gated to substantiate the emlSSlop. spectrog:t--aphlc m~thods. It :was found 1 

much beyond OT"lglnal expectat1ons, that some Spe-ctrophotometri'c methodS were 
equ1valent and even s11ghtly more sens1t1ve than the em1ss1on spectrographlc methods. 

Although 1 t J_s our customarY, prac-t;.:i,ce to study r~~ommended me-thods statls
tlcally for prec1s1on, tlnr3 uas not poss1bie be.cause of. the cci'st and tlffie _req1.nred 
for a pro~r.am of thls nature. 
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A. E:x:per1mental 

1. Separations 

a. Liqu1d-Liqu1d Extraction 

S1nce llqUld-llqUld extraction is rap1d, this technique was examined. 
f1rst. The separation of niobium and tantalum 1nto hexone from other elements 
such as z1rcon1um has been described by Milner and Edwards (11~). 

Unfortunately varying amounts of niobium remained in the aqueous solu
tion after extraction wh1ch 1nterfered w1th the subsequent emission spectrographlc 
or spectrophotometr1c determ1nat1ons. 

Essep.tJ_ally E!.ll the z1rcon1um rema1ned 1n the aqueous phase. A hexone 
extraction from 25 ml. of solut1on conta1n1ng 13 ml. of H2so4 and 10 ml. of HF gave 
recovery values of- 95,4% for a sample to wlnch 100 micrograms of 1nacti ve zirconium 
were added and 96 1% for a sample containing no added z1rcon1um. 

b. L1qu1d Anion Exchange 

Th,is relat1vely new techn1que (5) was also·tested with rad1oisot_ope 
zuconiuill_-95. Zucomum from 4oo ml~ of H2S04 (1~:96) was extracted with three 
25-m.J,. portHms of chloroform contairnng l1quid an1on exchange res1ns IA-1 and LA-2. 
About 10% of the zirconl~-95 rema1ned 1n the aqueous phase. Back-extract1on of 
z1rcon1ti.m-95 from the chloroform solut1on contaHnng the l1qu1d an1on exchangers 
vll th HCl (l: 3) was quantitatl ve, 

From th1s data 1t was concluded that the recovery of z1rcon1um would 
always be sl1ghtly low. 

c. Column Anion Exchange 

Separat1on of 1uob1um and tantalum from z1rcon1um, t1tarnum, vanad1um, 
1ron, and many other elements by co.Lumn 1on exchange has been demonstrated 1n the 
l1terature (9, 10, 12) a_nci has been commonly used in the Technology Analyt1cal 
u1boratory. Several proposed A S T.M methods, such as determ1nat1on of tantalum 
1n n1ob1um and tantalum, n1oblum_, and t1tan1urn 1n ferrocolumb1um, are based upon 
ion· exchange sE::parations. Thus, this method was tested for reliab1l1ty in the 
separat1on of -+~races of Z1rcon1wn, t1 tan1um, vanad1um, and t1n from large concen
tratlons of n1oblurn 

The elut1on characte:r1st1cs of,a column 8 x 3/4-lnch conta1n1ng Dowex 
1-XlO were tested w1th radlOlsotope zlrconlum-95. A sample contain1ng the 1sotope 
u1 a HCl ( 1. 3) - H.F ( 1 ~ 4) sol ut 1on placed on the col urnn and then eluted w1 th 150 ml. 
of the pure ac1d solut1on of the same concentrat1.on y1elded 98.4% z1rcon1um recovery. 
If the sample (and zircomuni) was added to -the column 1n a solut1on of slightly 
d1fferent ac1d concentrations L_Hc1 (1:1)-HF (1·9J7 and eluted w1th 150 ml. of the 
same ac1d solut1on, only 8'7.2% of the Z1rcon1um was recovered. 

The coprec1p1 tation of zirconium-9.5 as cupferrate Jil th high purity tanta
lum after ion exchange separation from niobium ivas found to g1 ve greater than 98% 
recoveries. Tbus, ion exchange comb1ned with prec1p1tat1on 1n the presence of a 
carrier (tantalum cupferrate) lB quant1tat1ve and was used as basis for the analyt1cal 
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procedure i'or the eml:3Slon splo ::t:cograph_lc determination. Occasionally, some 
nlobnml appeared .ln the eluate ,and, of course, would- 1nt.erf'ere W.l tl]. the deter
m1nat1on9. This dii'f1culty vas att:cibutel to traces of n1 tric acid rema;wu_J.g 
ih. the eluant eontaimng t.t1e samp1 e 1.J"h1ch apparently changed the adsorptive 
_qualities of the column. 'l'he procedure was written so that traces of n1tric 
acid are removed befo:r·c: the sc...'ttp.le L> }Jdsse•.i through the colu.rnn. 

Since no standards were avai.J.able to test the analyt1cal method, a 
known ':).mount ( 5 m1erograrns) of z1reoniwr.. was added to a sample of n1obium wh1ch 
had P,rev:1.ous1y been repr~rtr::d to c:onlcl.lil L9 p,p,m. of zucornum. By the spectro
photomet'n.c procedm::'6.6 If'lC':t'OgraW.-3 .).f,z:;_rconll.U:ll or 97.7% recovery was obta1ned, 

The radioactlve z.ieconl:J..'!! :.;weJ in these st.ud1es was carr1er-free and 
was obtained from the Oak Ridge Naiic,r:.a::. .l.bborator1es. It was separated from 1 ts decay daughter, nJ..obl-um-95, . by a the!D:vl.,.trlfluoroacetqne extract1on accord1ng to the method ofF'. L. Moo/'-~ '(1.5) and -wa3 u.:;ed. withln two days of the separat1on, making Cj.ecay corrections urme:ce_;~oa.ry" 

2. Analyt1.cal Methori::; 

~'he methods for + 1n, 1 itanltl!a, 'ranad1 urn_. and zirconium were developed for Task A, Activity 1, anu EJ..l1Eilir~mn an-,1 Gl.l1con for Task A, Act;ivity 6 (Preparation of High-Purity l'hobhun Metal): .'I'he mx::th.-::,d.3 for alurn1nu:m and S1l1con, although developed pr:i.Inarily for anotht"r acth1ty, al"'e Jne1ll'led in this report 1.n order to keep all methods in one coJle,~tlon. D~ Lai2 s of a.L. the ana.lyt1cal methods fo;r analysis of tl1e rllOblwn metal are fuund ln /\pp~:.r_J.1J· ... :..:~ .~I~, ar1d IIID 

-
( 1) Zlrconu.nn 

A co1or·,,d c:y:rtL"Ill >H·:; nc:eied. 1-ihH:h 1-rould have the requ1red sensitl'n t y for measurc~II.cent c-f ~G.:t.crogra.lT.' Cl.I<.E>.n~;l tie,; of zirccm1um and also be falrly 
speclfH~. Several systep--13 had bt'i:;n <lJ:pll.ed at the Technology Anl?,-_;Lytlcal laboratory pr1or to this proJect. Chlofardl,l<~ a.::.iO. {13) and pyrocatechol violet (4) suffer from lack of semntlvlty. l'r~en:;(L~luoroEe <~~-5) 1.s ~uf.'fJ:clently sensltlve but not partlcularlY. ~pecifH~. S.PADN~=.;, a r,.e·,.; nagc:ntfor Zl:rconitun, lS not sufi'1CJ,ently sensit1ve. Ph~nylfJ.uorone. was .f'1.nan.y selE-;ch"d as the best 1·e:agent because of 1 ts sens1 t1 vi ty. Interf'erlng e'2_ement2 \-10"-l.lrl be ncrrnveci. by thE:: prell.!D.lnary lOu-exchange separatlon. 

The 2pectror.,!:,·::-~tom"'t.:rJ.c procedure, as d.escri bed ln the Appendix I, 1-1as tested by add1ng 5 l'!:)H:rog~-arnJ·> c:t ::u:·.:·c·nlum. to a sa.rnple of nlob1um metal assumed tp contaln 1 "9 micrograms o'f ·'zi rc ornwn l.ry. emuiSlOn spectrographlc analys1s. A re.covery or 1C4% oi' Hie r:ticr..:~(!r-a.m.s a.ld.eJ resulted. -

Tb.ib n1e thcd \vas frt_::~l~_l(-n.t.ly used v1hen sn.mples were analyzed for only ZlT conium because of 1. ts g:::;od ::.en:JJ.":-1. \flty. 

( 2' ) Tin 

A mc:tb.Yi i u.r tin Wcl.S not cpnsidered of great importance, but a 
metho~ WR9 deyE:: loped "Qased upon UCM c..:ICper-H·nce in this type of analyslS. 
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Several reagents have been proposed and applled for tin 1n 
steels and alloys. Among those most llkely to be applicable are d1th10l (16, 17), 
phenylfl uorone ( 13), and pyrocatechol violet ( 21 _, 22). In our experience, the 
pyrocatechol violet color system is very useful because a t1me-consum1ng distilla
tion is not required. The tin is separated from the n1obium by a l1quid-llqU1d 
extraction which is quite rapid. 

The proposed procedure _which appears in Appendix I was tested by 
addition of 10 micrograms of t1n to a one-gram samp1e of n1obium assumed to conta1n 
<0.0005% tin by the emission spectrographic procedure (4.2 p.p.m. by the spectro
photometnc method). About 95% recov-ery of the t1n occurred. 

(3') Titanium 

The Un10n Carb1de Metals Company method (Method No. ln, 73-22-157) 
1nvolv1ng reactio_n of tttanium with sulTosallcyllc acid to form a colored system which 
can be measured spectrophotometr1ca1:y lS of 1nsuffic1ent sensitlvity for determina
tion of titanium below 100 p.p.m. Other color1metric methods, such as the familiar 
react1on of titanium w1th hydrogen peroxide or T1ron (24), are insensitive or non
specific. 

It >-ms decided that a prel1m1nary separat1on of niobium was 
necessary and th1s was accomplished by an ion:exchange technique .. Titanium was then 
extracted as the thiocyanate complex by tri-n-octyl-phosphine ox1de (TOPO) dls
sol ved 1n cyc.lonexane. (For completE:: rr.ethod see Append1x I). By this .technique 
less than 1 p.p.m. of t1tanHli!l can be read.1ly determined 1n niobium metal. 

Since no standards are ava1lable, results from the spectrophoto
metric method were compared with t~ose from the emiss1on spectrographlc procedure. 
On one sample of niob1um metal, the average of two . .results by the spectrophotometric 
method was 10 p .p.m. (11 and 9. 5 p .p.m.) whereas ti tan1um by th~ emission spectro
graph method was 7 p.p.m. 

A new metho·'i for -ch2 determinat1on of t1tanium 1n the presence 
of niobi urn has been proposed (19) lc'3l.ng diantipyrylmethane. The reagent was obta:wed 
and a preliminary evaluat1on rrade of 1 ts usefulness for analysis of titanium in 
n1ob1um. Although this method 1s qu1te sensitive, it would be d1fficult to deter
mlne less than about 5 p.p.m. t1tani1Lm 1n n1obium directly. Niobium up to 0.25 g. 
enhances the color sl1ghtly, but .1a:rgE:r concentrations effect the colored system 
apprec1ably. This colored reagent could be used instead of the thiocyanate-TOPO 
1n cyclohexane system after 10n exchange separation of the n1ob1um. Efforts to 
extract the titanium-diantipyrylm_ethane system w1th organ1c solvents were not 
successful. Insufficient- tune was ava1lable for a complete evaluation of th1s 
very interest1ng system. 

(4) Vanad1um 

The reaction of N-phenylbenzohydroxamic acid w1th vanadium (V) 
has been extremely useful for the deterrnnation.of vanadium 1n steels and various 
alloys (20, 23). It was ho:ped to-apply th1s spectrophotometric system to vanadium 
1n n1ob1um metal. However_, 1t was found that the presence of c1trate, tartrate, or 
other complex1ng reagents necessary for keep1ng the n1ob1um in solut1on 1nterfered 
Wlth the color forming reagent. Therefore, it was not poss1ble to determine vanadium 
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d 1rectly 1n nlObnun metaL A :phosphotungstate method (f'or vanadnm) was. not 
read1ly appl1cable to tlns part.lcu)..ar matr1x (1). 

After removal of niobium and tantalum by 1on exchange, the 
vanadium can be determu1ed eaE;ily by c. s:pectrophotometr1c procedur.e. T'ne 
N-phep.ylbenzohydroxam.ic acid procedu.:re \-las tested by add1 tion of 5 m1crograms 
of vanadlum to a solut1on co:r.:.tairnng 1 graxo. of powdered material to (100 M x D) 
\vhich conta1ned 4 p .p.m. of vanad1um t-y the 1011 exchange em1ss1on spectr.ographic 
techn1que. The concentrat1on of vanad11un foup.d in the blank (M3.terlal 2) was 
4.5 p.p.m. and that found 1n the "sp1ked" sam.ple was 9.5 p.p.m. This corresponds 
to a recovery of ,5.0 p.p.m. of the vaBadlu_rn or 100% of the amount added. S1nce 
the sensltivity is not as good ac. th0 emlSSlOn spectrograph1c method, the spectra
photometrlc procedure _;was u_sed. mostly .as another method for ver1ficat1on. and sup
port of results obtained by the spectrograph. 

b. EmlSSlon Spectrographic Methods 

( 1) Al1Jlllinum 

Spectrophotometric methods for trace concentrations of alum1num 
(<50 p.p.m.) are unrel~able; tl:.ere.fore,. no development work w1th this techn1que was 
cons1dered. Exist1ng emission spectrograph1c m:ethods were not sensitive below 30 
p.p.m.;. therefore, mod1fication vf the existing,method was requ1red. 

It vras necc.:>sary to prepare a set of standards for the ~race 
alum1num determ1nation. To m.ake t.he:=;,e standards a sourc~ of niob1um oxide whose 
alum1num content was less than the .sam.ples to be analyzed was requ1red. N1obium 
ox1de preparE!d by an 1on exchange te~.!hniq:ue was tr1ed, but the alUinnum content was 
not slg!lificantly ,less than t.ha t of tne three s~p;Le_s of IJ.lOblum metal. A systema
tlc search of two to tr~_ree dozen samp,les of competitive brands and m1scellaneous 
exper:j_mental lots_ resulted i.n the seleu·.ion of a batch of ox1de w1th req.u1s1te 
pur1ty for the preparat1on of the s~anJards. 

In the _inl ~- l<ll aearch f'or Nb205 of low al um1num content, 1 t 
soon became apparent that the D~~ a!."c te-:::l,rnque for higher aluminum contents wa.s 
unsuitable for trace alumin-...un a!1a~_ys-:,s both ln rega:r:d to sens1tiv1ty and prec1sion. 
A hlghly sensit1ve and valuab::;.e d01. .• b:o::: cap mix techrnque and Ac; arc excitat1on was 
therefore devised and util1zed 1n both the search for low-aluminuw Nb2o5 and in 
quant1 tati ve analytical vork or. the spc-.e1al samples. 

(2) S1licon 

Spec-trophotometric methods are unreliable for sil1con 1n niobnim 
metal below 100 p.p.m. Aga1n, the emisslon spectrographlc method requ1red modifica
tion for sil1con 1n the range of' ll!.ter-est (less ;than 10 p.p.m. ). The trace silicon 
determi-natlOI?- required the ~reparat1_on of .special standards. An unsuccessful attempt 
was made to pur1fy Nb2o5 by -creatmenc; w1th hydrofluoric and sulfuric acids and 
evaporat1on to dryness. Sim2J.ar to the case of the trace aluminum determinat1on 
the problem of acquir::!..ng oxide of requlsite pur1ty was solved by test1ng many 
m1scellaneous sampJ.es of Nb2<J:; unt1l one of requisite pur1ty was found. 
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Greater carP 1s necessary in the preparation of p.p.m. s1l1con 
standards than 1n the caE>e for ntr,er ele:rr,ents. '.I'he boron carb1de mortar used in 
gr1nding and m1x1ng the oxide 1nll contr1bute s1l1con unless care is used. Hand 
grind1ng wJ:th an acetone slurry i~as e-ffect.i ve 1n· m1n1m1Zlng the contam1nat1on 
from this source. The-1% GeC2, Oo2"5% PdCl2 graph1te-oxide mlX used 1n the regular 
method was not used u1 tl:.e -trace S) 1H:·on mc~·tLod. 'Ibis is because a small amount 
of s1l1con contamination resu~ts from tL< preparat1on of tln-s m1x probably from 
the thorough gr1nd1ng and m::J.ing operaf1oP. Because the sil1con lS almost completely 
removed from the graphl t·e--oxide m::.x ci1.crn.g the per1od of exposure (tot-al energy 
method) and a set of standards are ~~l~uded on each plate, the precision of the 

( - . \ 
analysis lS st1ll adequa"te abom; ~ lU}o; 0 

'l'b.c aceu.ra.cy of the- n~·;U>od cannot read1ly be determ1ned. However, 
one of l:ngh standa:rds wat;. ana."l.y2ed ,1s::.ng the Geo2 m1x with the high range method 0 

The result plotted we1J. on th·oo h::.gh ra.ngF; ·-~unre 1nd1cating that a cont1nuity· ex1sts 
between the two methods. 

Pr~liminary a.ra.!..y::,:i.::: o-f' tr.e n::.obnlill metals ind1cated that the 
concentrat1uns of z::;.rconi:rm_. t1tani• .. m, vanadnu'Il and t1n •rere too low for determlna
tJ..on of these traces dlrectly on the OX:l ie of .tl:.e metal' SpectrographlC standards 
and working curves prepared by ciry--gr1nclir_1K var10us el~ments in both a n10biurn and 
tantalum oxide matrix were B'.'al]aiJlt· ln tlJr>. laboratory. These had been prepared in 
pr1or years and were based 0::1 J.J.OTE'· tbar_, o~~e set of dry-ground standards each con
talnlng Zlrcon1urn, vanadn,rr.., t::.tanJ.:.::m, a•1•" tin together w1th d1fferent combinat1ons 
of other elements. ,'\,,_alys1.S \·iJ.t,~l tht~,-,c :;_::_~·res had demonstrat~d that greater sensl
tivity and lJetter prec1.S1on .r·or the :O::J.l'JJJ·~t.l'Il determlnatlCm was poss.1ble when 
measurement was made .in a 'hlnu,- 1r.a ·t_r- -... ~ ;_'a. t-h;:-:r t.han a Jlib20c; rna trix. Thus, "lvhen 
separat1on techniques >-rerc; c~n{l·.':.e:-.-·]_, ::.t ·,1a .s dE.cHled to -Gse tantalum as a carr1er 
and measure the elements Ul a 1&,~05 'I;a.t ::".-". 

To Ch(~ck tr··(·o :;,.:.cu __ .,u_·y ot the dry-ground standards, addJ.tlonal 
standards ;,.,rere prepan::d fo1· t:ltan-_1_;m, rana-:'il1_UD_,. and ?.l.rconium by the add::.t1on of 
known concentrat1ons of tlJ.eS<:: c ;J'::rr:.ern c, + ;) :l .soJ ut::.on conta:unng a known amount of 
tantalum and then pn:;clp::.tat:tnr \·n.tL C<t:.i!\:::rr'<>n, 'f1ltratHm, and 1.gn1t.1on to the 
ox:Lde In every c<~S'=. ,~heee ;,.,.,, ;:;~~a:r::.-:Lu··_L; _r::lo-t.-t-,:;d in close agreement w1th the 
data from the ex1st1ng '"OI'kl.ng c '--"~:\'<;_; 0 I'hP e:xu;t1ng "\Wrk1ng curves for t1n were 
used w1 thout the preparat1on o:l' cl::ecJ.:: 3-;- ~-lndarc:.s be,~au.Ee of lnsuff1c1ent tDne and 
urgency to u1Vest1gate th1s me-thod comp.l•c.:t<?ly 0 

'rhe tantalD2Il 1.1.GP(i a.:_; a co} lector mDst be of h1gh purl ty with 
respect to these elements as '\·le:Ll r:--..s nJolnum.. If none lS available, 1t may be 
prepared by lOn·-exchan.ge sepa~a t~.t.or" o:t' a1!. tr:e:;:;e elements from the tantalum and 
then seJ.ectl ve elutlon of tlK tar:i:a.l.HL. :1nd co.:lect.::.on of Uns fract1on ::.n a 
plastic bottle for future use as a. cclJ.ector. 

·- J.l. 
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(4) Lithium 

The qualitative examination showed that only one vendor's 
niobium metal contained l1thium. A single set of standards was prepared by 
d1ssolving lithium-free metal with hydrofluoric acid, adding appropr1ate amounts 
of a lith1um standard solution and evaporatlng to dryness in the presence of 
sulfur1c acid. The samples were prepared 1n a s1milar manner. A sensit1ve 
spark solut1on method was tr1ed as an alternat1ve check method but d1d not 
have suff1cient sensitiv1ty. 

For details of the methods see Appendix II. 

V. SUMMARY OF ANALYTICAL MEITH ODS 

Deta1ls of the analytical methods for the analys1s of niobium metal 
for th1s project and Task A Activity 6 are given in Appendix I, II, and III for 
the spectrophotometric, em1ss1on spectrographic, and miscellaneous methods. A 
short description of each method and the estimated lower limit of detectab1lity 
appears in Table V. 

TABLE V 

METHOD AND LOWER LIMIT OF DETECTABILITY FOR ANALYSIS OF 
TRACE ELEMENTS IN NIOBIUM METAL 

Lower L1m1t 
of Detect-

Element Procedure ab1lity (ppm) Descript1on of the Method 

C Combust1on- 5 to 10 Combustion of sample in oxygen at l400"C. 
Conductometr1c collect1on of co2 1n stront1um hydroxide 

solution, and conductometric determlna
tion of the C02 concentrat1on. 

0 Vacuum FuSlOn 5 to 10 Fuslon of the sample ln a platlnum bath, 
collection and measurement of the co2 . 

H Vacuum F'us1on l Fusion of the sample in a plat1num bath, 
collect1on and measurement of the hydroger 

N a. D1stillat1on- ( Tne metal 1s d1ssolved 1n a medium for 

B 

Al 

t1trimetric 50 ( convers1on of n1trides to the ammon1um 
b. Distillat1on- ( salt, dist1llat1on of ammon1a, and 

spectrophotometr1c l ( t1tr1metric or spectrophotometric deter
( ruination of the ammon1a. 

EmiSSlOn 
Spectrographlc 

EmlSSlOll 
Spectrographlc 

0.2 

3 

- 12 -

The metal lS 1gn1ted to the ox1de, m1xed 
Hith gallium ox1de, and the mixture ex
Clted using the carr1er dist1llat1on 
technique. 

The metal is ign£ted to the ox1de, mixed 
w1th graphite and determ1ned by us1ng an 
AC arc, double cap m1x technique. 
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Element 

Ca 

Cr 

Co 

Cu 

Fe 

L1 

Mg 

Mn 

Mo 

Procedure 

EmiSSJ.On 
Spectrograph1c 

Spectrophotometric 

Spectrophotometric 

Spectrophotometr1c 

Spectrophotometric 

Lower Lim1t 
of Detect

ability (ppm) Descr1pt~on of the Method 

30 Nb 2o5 prepared from the metal J.S mixed 
with graphJ.te and excJ.ted with a high
voltage AC spark and a cap mix technique, 

l After dJ.ssolution, the n1obium is separa
ted f-i'om th'e'· chromi·um by an extraction 
of niobium cupferrate with chloroform. 
The chromium lS determined spectrophoto
metrically in the aqueous phase w1th 
diphenyl carbazide. 

5 After dissolution, the n1obium is separa
ted from the cobalt by an extraction of 
niobium cupferrate with chloroform. The 
cobalt lS determined spectrophotometricall 
1n the aqueous phase with tetraphenylar
sonium chloride. 

1 After dissolution of the metal, the· copper 
is reduced·wJ.th hydroxylamrne hydro
chloride, the complex w1th neocuproine 
extracted·with chloroform and measured 
spectrophotometrJ.cally (2, 18). 

1 After dissolut1on of the metal, the 1ron 
J.S reduced, the complex w1th bathophenan
throline extracted ..w1th chloroform, and 
the colored solut1on measured spectra
photometrically (3). 

Em1ssion Spectrograplnc 3 The metal 1s dissolved 1n acJ.ds, ac1ds 
volatJ.lJ.zed, re~1due mixed w1th graph1te 
and exc1ted 1n a d1rect-current arc. 

ErnlSSlon Spectrographl'c 

Spectrophotometric 

Spectrophotometric 

30 Nb20:; prepared from the metal 1s m1xed 
WJ.th graph1te and exc1ted w1th a high
voltage AC-spark and a cap mix techn1que, 

1 After dissolutJ.on of the metal, the 
n1obJ.um cupferrcate ·<LS extracted vhth 
chloroform, and the manganese oxJ.dlzed 
w1th KI04 to permanganate whJ.ch J.s 
measured spectrophotometr1cally. 

l After dJ.ssolutJ.On of the metal,, the 
molybdenum th1ocyanate complex is 
extr~c~ed Wlth butyl acetate and the 
coior measured spectrophotometrically. 

- 13 -
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Eleme:o,t 

Si 

Ta 

Sn 

Ti 

Procedure 

Lower L1mit 
of Detect

ability (ppm) 

Spectrophotometr1c 1 

Emission Spectrographic 2 

a. Spectrophotometrlc 100 

b. Spectrophotometric 5 

a. Spectrophotometr1c 3 

b. Em1ssion 0.5 
Spectrograph1c 

a. EmiSSlOn 0.5 
Spectrograph1c 

b. Spectrophotometr1c 0.5 

- 14 -

Descr1ption of the Method 

The metal is d1ssolved, copper re?noved 
lvith neocupro1ne, and the n1ckel dlillethyl 
glyoxlille complex extracted w1th chlorofon 
n1ckel back extracted 1n e.n acid. solut1on 
and the n1ckel determinat1on spectra
photometrically w1th di.m.ethylglyoxlille. 

The metal lS converted to ox1de, m1xed 
w1th graphite and the ~ample excited 111 
a DC arc. 

After d1ssolut1on of the metal and remova~ 
of traces of boron, the tantalum is ex
tracted fr0m an oxalate solution as the 
methylv1olet-fluor1de complex with ben
zene (7). 

An HF-HCl solution of the metal is passed 
through an an1on exchange column. After 
eluting the column w1th a spec1al solu
tion to remove most of the n1obium, the 
10n exchange material is ign1ted, the 
res1due conta1ning the tantalum fused, 
aud the melt dissolved in ammon1um oxalatE 
solution. The tantalu~ is determ1ned 
spectrophotometrically as the methyl 
v1olet fluor1de complex 1n benzenE'. 

The metal 1 s d1 s solved_. t1n extract-ed 
•nth (2-ethylhexyl) phosph1ne ox1de 1nto 
cyclohexane, and the color developed Wlth 
pyrocatechol violet. 

See t1tanium (em1ss1on spectrograph1c). 

AnHF-HCl solut1on of the metal 1s passed 
through an an1on exchange colum.r:1 to 
separate the t1 tan1wn from rnolnum Tb::: 
t1.tarnum lS prec1p1 tated as cupferrato 
1nth Lantalum as carr1cr, and lgn1ted to 
the oxj de. The ox1de 1s m1xed in th graph
lte_. Geo2, and PdC12 and exc1ted 1.n a DC 
arc. The same procedure lfJ appl1cable 
for V, Sn, and Zr. 

l\niiF'-HC.l solution of the metal lS passed 
through an an1on exchange column to 
separate the t1tanium from niobium. The 
t1tanium 1s determlned spectrophoto
rnetrlca.lly 1n the eluate by extraction 
of the thiocyanate complex by TOPO in 
cyclohexane. 
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Lower L1mit 
of Detect-

Element Procedure abil1ty (ppm) 

V Em1ssion 0.5 
Spectrographic 

Zr a. Emission 
Spectrograph1c 0.5 

b. Spectrophotometric 0.5 

W Spectrophotometr1c 1 

- 15 -

Descnption of the Method 

See T1 (em1ss1on spectrograph1c) 

See T1 (emiss1on spectrograph1c) 

AnHF-HCl solut1on of the metal is 
passed through an anion exchange column 
to separa~e the zircon1um from the 
n1ob1um. The z1rcon1um is de.term1ned 
spectrophotometrically 1n the eluate 
w1th phenylfluorone. 

After d1ssolut1on of the metal and 
removal of any Mo present w1th 
d1th1ol, the W 1s reduced with Ti 
(III) and the complex with d1thiol 
extracted w1th amylacetate and 
measlrred spectrophotometr1cally 
(7' ll). 
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VI. CONCLUSIONS 

1. Three types of niobium metal, made by different manufacturlng 
processes, were reduced to pmrder and thelr chem1cal compos1t1ons determ1ned 
1n detall. Analyses were made for trace elements that are s'uspected to 1n
fluence capacitor propert1es. The compos1t1ons are reported 1n Table III. 

2. New analyt1cal methods were developed for the determinatwn of 
les9 than 20 p.p.m. of the elements titanium, aluminum, silicon, vanadium, tin, 
and z1rcon1um. These methods are g1ven 1n deta1l 1n the Appendices of the report. 

- 16 
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APPENDIX I - SPECTTIOPHOTOt~TRIC METHODS 

DETERMINATION OF CHROMIUM IN NIOBIUM METAL 
(PHOTOMill'RIC WITH DIPHENYLCARBAZIDE) 

'l'his procedure is designed for the deterrunation of l to 100 _p, p.m. of 
chromium ln niobium metal. 

PRINCIPLE OF METHOD 

The metal is dissolved in HF and HN0 3, and the niobium cupferrate extracted 
with chloroform. After evaporation, the chromlum is oxidized with ammonlum persulfate, 
(NH4)~s2o8, ~n the presence of AgN0 3 and determlned photometrlcally as the dlphenyl
carbazide complex. 

CONCENTRATION RANGE 

The range of the method at 540 ~ uslng- 5-cm. cells is 0 to 20 micrograms 
of chromium per 100 ml. The range can be extended to determine· up to 100 micrograms 
(0.1 mg .. ) of chromium per 100 ml. by preparlng a suitable absorbance-concentratlon 
curve using 1-cm. cells. The colored system follows Beer's law but is not stable, 
so the absorbance should be measured as described in the procedure. 

INTERFERENCES 

There are no interferences from other metal ions in the concentratlons 
normally found in nlobium metal. Up to one mg. of iron can be tolerated without 
interference. A slight turbldlty due to nloblum may be removed by centrlfuging 
the colored solutlon just before photometric measurement. 

SPECIAL REAGENTS 

· ·. 3N H2S~4 + 1~ 5~ _H 3PO)! Mixtur: ,;:.: .. M_ix ~66 ml. of H2S04. (~:1) and 100 ml. of 
8)%·- H 3P04, and: dl1ute to·: one ll ter. · Heat, add o·. 01~ KMn04 sol uhon dropwi se to the 
hot_acid untll a falnt color appears. Store in.a glass, stopperefr bottle. 

Sodlum Hydroxlde (100 g./liter.) - D1ssolve 50 g. of reagent grade pellets 
in 500 mL of water. Store in a polyethylene bottle. 

Sllver Nitrate .(0,.5 g./liter) ~ Dissolve 50 mg. of the salt in 100 ml. of 
water. Store in a brown glass· dropping: bottle. 

Potassium Permanganate (2.g./llter) --.Dissolve 0,2.g. of the salt in 100 ml. 
of wate·r. _ Store in a brown glass· dropping bottle. 

Diphenylcarbazide (0.2 g./100 ml.) - Dissolve 0.2 g. of the reagent in 
100 ml. of 95% ethanol, Prepare fresh daily and store in a refrlgerator. 

Standard·Chromium_Solution ... D1ssolve 0.2829 g. of. N.B.S. potasslUm 
d-ichromate in water;.and dHute .to· one llter. :One ml .. =· 0.1 mg. of chromium. Dilute 
a 10-mL ~~liqupt- of·ithis.·stock s0lution to 500. ml, One ml, =· 0.092 mg. (2 mlcro
gram~-of chromium. 

- I-1 -
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SPECrAL APPARATUS 

A spectrophotometer capable of utiliz~ng 5-cm. cells. 

SPECIAL PRECAUTIONS 

All the glassware used in this determ~nation must be thoroughly cleaned. 
The beakers should be bo~led with nitric and perchlor~c acids, fumed strongly with 
perchlor~c acid, and thoroughly r~nsed w~th d~st~lled water. It 1s advisable to 
set aside glassware to be used exclusively for this determination. To obtain a low 
blank, it may be necessary to pass the distilled water through an ion-exchange column 
and store in a Pyrex bottle. 

PREPARATION OF CALIBRATION GRAPH 

P~pet 0 (blank), 1-, 2-, 5-, 7-, and 10-ml. al~quots of the standard 
chromium solution (one ml. = 2 micrograms of chro~um) into 100-ml. Pyrex volumetric 
flasks. D1lute to about 50 ml. Add 10 ml. of the H2S04-H3P04 ac1d mixture. Add 
3 drops of the AgN03 solution, one drop of KMn04 solut~on, and 0.2 g. of (NH4) 2s2o3. 
Wash down the neck of the flask and add a Hengar (Al2o3) boiling chip, Boll gently 
for 30 m~nutes to assure complete ox~dat~on of the chromium and decompos~t1on of the 
excess ammon1um persulfate. The faint pink color of the permanganate should remain 
throughout the entire boiling period (Note 1). Cool to room temperature, add from 
a p~pet 10 ml. of the diphenylcarbaz~de reagent, d~lute to the mark w~th water, and 
~x. Measure the absorbance within 10 m~nutes on a spectrophotometer at 540 ~ ~n 
5-cm. cells us~ng the blank as reference solut1on. Plot absorbance versus m1crograms 
of chrom1um per 100 rnl. 

PROCEDURE 

Carry a blank through the entire procedure. 

D1ssolve 1.000 g. of n1ob1um metal 1n a 100-ml. platinum dish f1tted w1th 
a platinum cover, using 5 ml. of HF and dropwise add1tion of HN03. Add 10 ml. of 
H2S04 and evaporate to light fumes of H2S04. Cool and add HF dropwise to obtain a 
clear solut1on. Transfer the sample to a polyethylene beaker contain~ng 50 ml. of 
HF (2:98) solution. R1nse the platinum dish with HF (2:98) solution and add to the 
main solution. Chill the sample solution, the cupferron solut1on (saturated solu
tion in water), and the chloroform to between 0 and 5°C, (Note 2). 

Transfer the sample to a chilled, 250-ml. separatory funnel containing 
50 ml. of the chilled cupferron suspension. M1x, add 100 rnl. of the ch1lled chloro
form and shake one m1nute. W1thdraw the organic layer and discard. Add cupferron, 
about 5 ml. at a time until precipitation is complete. Repeat the extraction w1th 
30 to 40 ml. of chloroform until the lower layer is colorless. Rinse the funnel 
stem w1th chloroform, then with water. Add 50 ml. of isopropyl ether and shake 
one m1nute. 

W1thdraw the aqueous layer containing the chromium to a 250-rnl. Teflon 
beaker and evaporate to 50 ml. or less. Add 20 ml. of HCl and 10 ml. of HN0 3, cover 
part1ally, and evaporate to remove ammon1um salts and HF (Note 3). ·Cool, transfer 
to a 150-rnl, Pyrex beaker, and evaporate to about one ml. of H2S04. D1lute to 25 ml. 
and neutralize with NaOH solution (pH paper). Add 10 rnl. of H2S04-H3Po4 ac1d mixture 

- I-2 -
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SCOPE 

DETERMINATION OF COBALT IN NIOBIUM Mm'AL 

(PHOTOMETRIC WITH TETRAPHENYLARSONIUM 

CHLORIDE AND THIOCYANATE) 

This method is designed for the determination of 5 to 100 p,p.m. of cobalt 

in niobium metal. 

PRINCIPLE OF METHOD 

The metal is dissolved in HF and HNo 3, fumed in H2so4, and th~ n~obium 

cupferrate extracted with chloroform. After evaporation of the aqueous phase, 

thiosulfate, thiocyanate, and fluoride are added to t~e sample. Tetraphenylarsonium 

chloride is added to form the blue tetraphenylarsonium cobaltothiocyanate complex 

which is extracted with chloroform and measured at 620 ~. 

CONCENTRATION RANGE 

The range using 5-cm. cells is from 5 to 100 micrograms of cobalt in 

25 ml. of chloroform. The system follows Beer's law and is stable for at least 

24 hours. The range can be extended to determine up to 0.02~ cobalt by preparing 

an absorbance-concentration graph using 1-cm. cells. 

INTERFERENCES 

There are no interferences from other metal ions in the concentrat~ons 

normally found in niobium metal. 
A slight turbidity due to n~obium may be removed by centrifuging the 

colored solution just before photometric measurement. 

SPECIAL REAGENTS 

Tetraphenylarsonium Chloride -Dissolve 2.28 g. of the salt in 100 ml. of 

water. (Obtainable from A, D. McKay, Inc., or Eastern Chemicals Company.) 

Sodium Thiosulfate - Dissolve 10 g. of the salt _~n wa.ter and di:l,ute to 

100 ml. Prepare fresh for each determination. 

Ammonium Thiocyanate - Dissolve 50 g. in water an~ dilute to 100 ml. 

Standard Cobalt Solutions 

a. Stock Solution - Dissolve 1.00 g. of cobalt metal in 30 ml. of HNo 3 

(1:1). Add 10 ml. of sulfuric acid and take to fumes to remove the nitric acid. 

Cool, dilute to about 100 ml., heat to dissolve the salts, cool, and dilute to 

one liter with water. 

b. Dilute Standard Cobalt-Solution -Transfer 10 ml. of the stock solu

tion to a l~ter volumetric flask and dilute to volume (one ml. of solution equals 

0.01 mg. of cobalt). 

- I -4 -
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PREPARATION OF CALIBRATION GRAPH 

Transfer 0 (blank), 1-, 2-, 5-, 7-, and 10-ml. aliquots of the dllute 
standard cobalt solution (one ml. 'equals- 10 -riucrograms of cobalt) to 150-IJ'l~. 
be-akers: Dilute to 25 ml. -and-adjust- the acidity by adding NH4GH until JUSt 
alkaline, ·then dropwi se HCl until JUSt acld (pH paper). 

Add successively with stlrrlng 2 to 3 drops of sodlum thiosulfate solu
tion, 5 ml. of ammonlum thlocyanate solution, and 0.05 g. of ammonium fluorlde. 
Transfer to a 125-ml. separatory funnel using a small amount of water. Add 10 drops 
of tetraphenylarsonlum chloride solution and mlx, Extract with 10 ml. of chloroform 
by shaklng one minute. Withdraw the chloroform layer through a loosely fitted cotton 
plug ln the fQ~nel stem into a 25-ml. volumetric flask. Repeat the extractlon twlce 
more using 5-ml. portions of chloroform and 2 drops of tetraphenylarsonium chloride. 
The last extract should be colorless. Dilute to volume with chloroform. Measure 
the absorbance at 620 I!lj.l ln 5-cm. cells USlng the blank as reference solutlon. 
Plot absorbance versus micrograms of cobalt per 25 ml. 

PROCEDURE 

Carry a blank through the entlre procedure, 

Dlssolve 1.000 g. of niobium metal in a 100-ml. platinum dish fltted with 
a platinum cover, uslng 5 ml. of liT and dropw1se addition of HN0 3. /l_dd 10 ml. of 
H2S04 and evaporate to llght fumes of H2S04. Cool and add HF dropwlse to obtain a 
clear solut1on. Transfer the sample to a polyethylene beaker containing 50 ml. of 
HF (2:98) solution, Rinse the plat1nw~ dlsh Wlth HF (2·98) solution and add to the 
main solution. ChJ.ll the sample solut1on, the cupferron solut1on (saturated solut1on 
1n water), and the chloroform to between 0 and 5°C, (Note 1). 

Transfer the sample to a chilled, 250-ml, separatory funnel containing 
50 ml. of the ch1lled cupferron suspens1on. Mix, add 100 ml. of the chilled chloro
form, and shake one minute. W1 thdraw the organic layer and discard. .1\dd cupferron, 
about 5 ml. at a time until precipitation 1s complete. Repeat the extraction with 
30 to 40 ml. of chloroform unt1l the lower layer is colorless, Rinse the funnel 
stem with chloroform, then with water. Add 50 ml, of 1sopropyl ether and shake 
one minute. 

W1thdraw the aqueous layer containing the cobalt to a 250-ml,'Teflon 
beaker and evaporate to 50 ml. or less. Add 20 ml, of HCl and 10 ml. of HN03, 
cover partially, and evaporate to remove ammonlum salts and HF (Note 2). Cool, 
transfer to a 150-ml, Pyrex beaker, and fume to about one ml, of H2so4 or less. 
Dilute to 25 ml. and neutralize with NH40H, then add HCl drop-wise until just acid 
(pH paper). Continue as described in Preparation of Calibration Graph, starting 
with "Add successively with stirring 2 to 3 drops .•.. " (Note 3). 

NOTES 

1. If the temperature of the solution is not less than 5°C., the niobium 
cupferrate is only slightly soluble. The cupferron solut1on should be freshly pre
pared, nearly colorless, and should contain some undissolved reagent. 
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2. If the sqJ:ution turns black, add HN01 dropwtse and repeat the fuming. 
Continue adding HN0 3 ~nd, evaporating to fumes until all organic matter J.S destroyed. 

1, 3. If the depth of color lS beyond the range of 5-cm. cells, measure the 
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absorbance in 1-cm. cells and refer to the proper calibration graph. 
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SCOPE 

DETERMINATION OF COPPER AND NICKEL IN NIOBIUM METAL 
(PHOTOMETRIC WITH NEOCUPROINE AND DIMETHYLGLYOXIME) 

Th1.s method is su1. table for the ·;determination of copper and nickel in 
niobium metal w1.thin the range of 1 to 100 p.p.m. 

PRINCIPLE OF METHOD 

After 'dissolution of the sample in HF and HN0 3 and removal of excess HF 
w1.th H2S04, the niobium is complexed with ammon1.um c1.trate. The pH 1.s adjusted to 
5 to 7 with NH40H, and copper is extracted-as the neocuproine complex with chloro
form and determ1.ned spectrophotometrically. The aqueous phase from the copper 
separat1.on is adJusted to pH 9 and nickel is extracted as the dimethylglyoxime 
complex with chloroform. After back-extracting with HCl, nickel is determined 
spectrophotometrically with d1.methylglyoxime. 

CONCENTRATION RANGE 

The_ color~d systems follow Beer's law in the range from 1 to 4Q micrograms 
of copper and 1 to 20 m1.crograms of nickel 1.n 25-ml. volume us1.ng 5-cm. cells, The 
range may be extended by using 1-cm. cells. The sensit1.v1.ty for copper can be 
doubled by substitution of the more sensitive reagent, bathocupro1.ne, for neo
cuproine (Note 1). 

INTERFERENCES 

There are no interferences in this procedure as written, If n1.ckel is to 
be determined but not copper, then the copper must be removed before the nickel 
dimethylglyoxime extraction. If a h1.gh blank is obtained, it may be necessary to 
use redistilled or ion-exchange water. 

SPECIAL REAGENTS 

Ammonium C1.trate - Dissolve 400 g. of diammonium citrate in 700 ml, of 
water. --AdJust to a pH of 9 to 9.5 with ammonium hydroxide and transfer to a one
liter separatory fUnnel. Add 10 ml._of dimethylglyoxime solution and make three 
extractions with 30-ml. portions of chloroform. Filter and dilute to one liter, 

Hydrochloric Acid, .0.5N- Dilute 40 ml. of reagent grade HCl to one liter. 

Hydroxylamine Hydrochloride Solution - Dissolve 50 g. of NH20H•HC1 in 
500 ml. c:Of water~ 

Neocuuroine Solution -Dissolve 0.5 g. of neocuproine (2,9-dimethyl-
1,10-phenanttiroli~e, ·G. F: Smith Chemical Company) in 500 ml. of 95% ethanol. 

Dimeth~lglyoxim.e - Dissolve one gram of recrystallized dimethylglyoxime 
in 500 ml. of 95 ethanol. To recrystallize the dimethylglyoxime, dissolve the 
dimethylglyoxime in absolute ethanol. Warm gently. until the dimethylglyoxime is 
in solution. Chill until the dimethylglyoxime recrystallizes. Filter on a fritted 
crucible and allow to air-dry. If the colored system is not stable for at least 
one-half hour, repur'ify the reagent. 

- I-7 -

UCCNHT0000249 



'~~~:. 

fj 

1-

~~ 

Standard Copper Solution - Dissolve 0.200 g. of hlgh-purity copper wire 
in 5-ml. of HN03 (1:3). Add 10 ml. of H2S04 (l:l) and 5 ml. of formic acid, and 
evaporate to fumes. Cool and dilute to one liter. Dilute 10.0 ml. of this stock 
solution to one liter (one ml. = 2 micrograms of copper). 

Standard Nickel Solution - Dlssolve 0.200 g. of high-purity nickel metal 
in 5 ml. of HN03 (1:1). Add 10 ml. of H2S04 (l:l) and 5 ml. of formic acid, and 
evaporate to fumes. Cool and dilute to one liter. Dilute 10.0 ml. of this stock 
soluti9!1 .. tQ on~ ll t~r (one ml. = 2 micrograms of nickel). 

PREPARATION OF COPPER ABSORBANCE-cONCENTRATION GRAPH 

Transfer 0 (blank)~, 1-, 2-, 5-, 7-, and 10-ml. aliquots of the diluted 
copper stock solution to 125-ml. separatory funnels. Add 10 ml. of hydroxylamlne
hydrochloride solution, 5 ml. of ammoni~~ citrate solution, and dilute to 25 ml. 
AdJust the pH to 6 Wlth NH40H (pH·paper). Add 5 ml. of neocuproine, mlx, and add 
10-ml. of chloroform. Shake one minute and withdraw the organic phase lnto a 
25-ml. volumetric flask-containing 2 ml. of 95% ethanol. Make another extraction 
with 5 ml. of chloroform. Dilute to the mark with ethanol and·mix. Measure the 
abso~bance at 476 ~ using 5-cm. cells and the reagent blank as reference solution. 
Plot absorbance versus micrograms of copper per 25 ml. 

PREPARATION OF NICKEL ABSORBANCE-CONCENTRATION GRAPH 

Transfer 0 (blank), 1-, 2-, 5-, 7-, and 10-ml. aliquots of the diluted 
nickel stock solution to 25-ml. vo~umetric flasks. Add 2 drops of HCl, 3 drops of 
bromine water, and dilute to 15 ml. Add NH40H dropwise until the bromine color is 
discharged and then 4 drops of•excess. Add 5 ml. of dimethylglyoxime solution 
immedlately, dilute to the mark with water~ and mi-x. After standing 5 minutes, 
measure the absorbance at 450 ~ using 5-cm. cells and the reagent blank as 
reference solution. Plot absorbance versus micrograms of nickel per 25 ml. 

PROCEDURE 

I. DISSOLUTION OF NIOBIUM METAL 

Transfer one gram of-s~ple to a 100-ml. platinum dish or 250-ml. Teflon 
beaker fitted Wlth a cover. Carry a blank through the procedure. Add 10 ml. of HF 
and a few drops of HN03 to complete the d1ssolution. Add more HN0 3 and warm, lf 
necessary. Add 10 ml. of H2so4, 2 ml. of formic acid, mix, and evaporate at low 
heat until H2S04 fumes begin to evolve (Note 2). Cool to room temperature, add 
10 ml. of ammonium citrate solution, stir and transfer to a 250-ml. beaker. Police 
the platinum dish and wash into the beaker. Adjust the pH-of the sample solution 
to 6 Wlth NH40H (pH paper), dllute to 60 ml., arid"boll to obtaln a clear solution. 
Determine the copper and nickel as described under Sections II and III. If nickel 
is to be determlned and not copper, the separatlon of copper must be made Slnce 
copper interferes in the nickel determlnation, 

II. DETERMINATION OF COPPER 

Transfer the sample solution containing not more than 50 micrograms of 
copper or 20 micrograms of nickel to a 125-ml. separatory funnel (Note 3). Add 
io ml. of hydroxylamine-hydrochloride solution, mix, and adJust the pH between 
pH 5-7. 
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Add 5 ml. of neocuproine solut_j_on, mix, and add 10 ml. of chloroform. Shake one 
rnQnute and allow to separate, · Withdraw the organic layer into a 25-ml. volumetric 
flask containing 2 ml. of ethanol. Extract agaln Wlth 5 ml. of chloroform to ensure 
complete removal of copper and reagent. Dilute to the mark with ethanol and mix. 
Measure the absorbance at 476 Illl-1 using 5-cm. cells and the reagent blank as 
reference solution. Determine the concentratlon of copper from the prevlously 
establlshed calibration graph. 

.-: r •. 

III. DETERMINATION OF "NICKEL 

AdJUSt the aqueous phase in the separatory funnel from the copper separa
tion to pH 9 by dropwlse additlon of NH40H. Add 5 ml. of dlmethylglyoxlme solution 
and shake one-half minute. Add 10 ml. of chloroform and shake 2 minutes. Separate 
and withdraw the organic layer into another separatory funnel containing 10 ml. of 
HCl (0.5~). Repeat the extraction twice more with 5-ml. portions of chloroform and 
add these to the separatory funnel contalning the first chloroform fraction. Dis
card the aqueous phase. 

Shake the combined fractions for one-half minute with the 0.5~ acid. 
Withdraw the organic phase lnto another separatory funnel. Rinse the aqueous phase 
into a 150-ml. beaker. Repeat the extraction twice more with 5-ml. portions of 
0.~ HCl, and transfer the HCl extracts to the 150-ml. beaker. 

Insert a boiling rod in the 150-ml. beaker and boil the HCl extracts for 
10 minutes. Add 5 ml. of bromine water and continue boiling until the volume is 
reduced to 5 ml. or less. Cool in a water bath and transfer to a 25-ml. volumetric 
flask. Complete the determinatlon as described under Preparation of Nlckel Absorbance
concentratlon Graph, starting at "add 3 drops of bromine water ..•• " Determine the 
concentratlon of nickel from the calibration graph. 

NOTES 

l. Determination of nickel subsequent to extraction of copper with batho
cuproine has not been tested. 

2. Formic acld is added to decompose HN0 3. Use care to avoid spray loss. 
Do not evaporate to dense fumes of H2so4. Add l or 2 drops of HF, if necessary, to 
clear the solution. 

3. If the sample is known to contain more than 40 and 20 micrograms of 
copper or nickel, respectlvely, dilute to volume and obtain a suitable size aliquot. 
Alternatively, the absorbance may be measured in 1-cm. cells, if the concentration 
of copper or nickel is not greater than 100 micrograms. In this case prepare a 
calibratlon graph for the range of 10 to 100 micrograms uslng 1-cm. cells. 
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DET1~MINATION OF IRON IN NIOBIUM ~~AL 
( SPE"C~TFi.'OPHOToMErRIC WITH BA'l'HOPHENANTHROLINE) 

SCOPE 

Trns met_hod l.S des1.gne_d especi_ally for the determinatton of traces of 
iron in high-purity niobium metal, al~hough the method as wrttten- is applicable to 
iron l p._p.m. or as h1.gh as 2%. 

PRINCIPLE OF METHOD 

The metal is dissolved 1.n HF and HN0 3, the HN0 3 1.s removed by evaporation 
in the presence of formic acid. After red~ction of the 1.ron with sodium hydrosul
fite, the iron (II) bathoph~nanthroline complex lS extracted with a c0~oroform
ethanol solution, and the absorbance of the orange-red colored system measured at 
536 IlljJ.. 

CONCENTRATION. RANGE 

The range extends from 0.002 to.O.l2 mg. of iron in 50 ml. of organic sol
vent using 1-cm. cells. 

INTERFERENCES 

None of the constituents present in n1.ob1.um metal interfere with the 
method. Large amounts of copper, nickel, manganese, or cobalt which would not 
ordinarily be f<?und in niobium would interfere (Note l). 

SOLUTIONS AND REAGENTS 

Bathophenanthroline (4,7-Diphenyl-1,10-Phenanthroline) - G. F. Smith 
Chemical Company, Columbus, Ohio - Dissolve 0.1 gram of the reagent in 100 ml. of 
95% ethanol. Stir well to dissolve. The solution is stable indefinitely. 

Sodium Citrate Solution - Dissolve 100 grams of sodium citrate in one liter 
of di,stil1ed water. Adjust the pH to 5.0 by addition of citric acid. Iron is 
removed by addition of 3 ml. of 2% cupferron sol~tion to about 150 ml. of the sodium 
citrate sol~tion in a separatory funnel, allowing to stand a few minutes, and extrac
tion of the iron cupferrate wtth about 25 ml. of chlorofqrm. Repeat the extraction 
with ch;Loroform 3 to 4 times to remove all the metal.cupferrat~s ~d the excess cup
ferron. A final extraction with 50 ml •. of diisopropyl ether aids in extraction of 
the_ C1-).pferron-. 

Sodium Hydrosulfite (also known as sodium dithionite) (Na2~2.4l - Prepare 
FRESH just before use. Diss9lve 10 grams of sodium hydrosulfite in 100 ml. of water. 
Transfer to ~ separatory funnel and remove the iron by addition of 10 ml. of batho
phenanthroline solution and extraction of the complex with 15 ml. of chloroform. 
Repe~t the chloroform extraction until the chloroform solution remains colorless 
after extraction. The hydrosulfite solution should not stand more than one-half 
hour before use. 
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Standard Iron Solutions 

A. Stock Iron Solution (l ml. of Solution = l mg. of Iron) - Dissolve 0.1 gram of high-purity iron metal in 10 ml. of hydrochloric acid. Add 2 ml. of nitric acid and evaporate to near dryness. Add 5 ml. of HCl and dilute to 100 ml. in a volumetric flask. 

B. Diluted Standard Iron Solution (1 ml. of solution = 0.01 mg. of Iron) -Transfer 5 ml. of the iron stock solution to a 500-ml. volumetric flask. Add 25 ml. of HCl and dilute to the mark with distilled water. 

Sod1um Hydroxide (100 g./llter) - D1ssolve 50 grams of sod1um hydrox1de in 500 ml. of water. Add 5 ml. of MgCl2 (100 g./liter) solution, stir for 2 minutes, and heat JUSt below boiling for 10 minutes. Let stand for 15 minutes and filter through Whatman No. 41H paper 1nto a 500-ml. polyethylene container. 

PREPARATION OF CALIBRATION CURVE 

Place 1-, 2-, 5-, and 10-ml. aliquots of the diluted standard iron solution into separatory funnels. Carry a blank along with the samples. Add 25 ml. of distilled water and 20 ml. of the sodium citrate solution, adjust the pH of the solution with ammon1um hydroxide to between 4 and 6 (Note 2), and then add 20 ml. of the fresh pre-extracted sodium hydrosulfite solution. Mix between addition of reagents and allow to stand 15 minutes after the sodium hydrosulfite addition to reduce the iron. Add 10 ml. of the bathophenanthroline reagent and then 15 ml. of chloroform. Shake for 30 seconds, allow the phases to separate, and draw off the chloroform layer into a 50-ml. volumetric flask previously rinsed with 95% ethanol. Add 10 ml. of chloroform to the separatory funnel and repeat the extraction. Dilute the combined chloroform extracts in the 50-ml. volumetric flask to the mark with 95% ethanol. M1x and read the absorbance of the solut1ons with the blank in the reference beam of the spectrophotometer at 533 ~ in a 1-cm. cell. , Plot absorbance versus concentration. The system follows Beer's law. 

APPARATUS 

Any photoelectric measuring device, 

PROCEDURE 

D1ssolve 1.0 gram of niobium metal (Note 3) in 10 ml, of HF (1:1) and dropwise addition of BN03 (15 to 20 drops). Carry a blank on the reagents along with the samples. Evaporate until the niobium begins to hydrolyze, remove from the heat, cool, and add 5 ml. of HF and 2 ml. of formic acid. Evaporate to a volume of 2 or 3 ml., add 30 ml. of the sodium citrate solution, and heat until all the sample is complexed with the citrate. Dilute with 20 ml. of water and cool. Transfer the sample to a separatory funnel containing 10 ml. of 4.5% boric acid. If the pH of the solution is not pH 5, adjust with NH40H, and proceed as described in the Preparation of Calibration Curve. 

NOTES 

1. Copper interference is eliminated by extracting at a pH range of 4 to 6. However, if copper is present in concentrations greater than 10 times the iron content, the copper must be removed. A previous extraction with neocuproine would 
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be convenient. Cobalt (l mg.) can be tolerated if the bathophenanthroline reagent 
volume is increased from 10 to 20 ml. At least 2.0 mg. of nickel and 10 mg. of 
manganese may be present. 

2. The pH of the solution should not be below 4 in order to prevent the 
formation of colloidal sulfur in the aqueous phase. 

3. The method as described lS directly appllcable for iron in the 0.0005 
to 0.012% range. Outside this range, the sample Slze, dilution volume, or aliquot 
taken can be adjusted. 

REFERENCES 

Gabler, A. R., Hamner, R. M., and Shubert, R. C., Anal. Chern. 21, 1937 
(1961). 
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SCOPE 

DETERMINATtON OF MANGANESE IN NIOBIUM Mm'AL 
(PHOTOMETRIC WITH PERIODATE) 

This procedure 1s designed for the determination of l to 100 p.p.m. of 
manganese in niobium metal, 

PRINCIPLE OF METHOD 

The metal_ is dissolved in HF and HN03, and the niob1um cupferrate extracted 
with chloroform. After e:v'aporation; the ·manganese 1s oxidized with periodate and 
determined photometr1cally as permanganate. 

CONCENTRATION RANGE 

The range of the method at 530 mg us1ng 5-cm. cells 1s 0 to 20 micrograms 
of manganese per 25 ml. The range-can be extended up to lOO·micrograms (0,1 mg.) 
of manganese pe·r 25 ml. by :preparing a sui table absorbance -concentration graph using 
l-cm; cells. The colored system obeys Beer's law and is stable for at least 24 hours. 

INTERFERENCES 

There are no interferences from other metal ions in the concentrations 
norrrially found -1n niobium metaY. 

:- A slight tUrbidlty-Ciue to n1ob1uln may be removed by- centrifug1ng 
the colored solution JUSt before photometr1c measurement. 

SPECIAL REAGENTS 

!!2§24 ..... ± ..... !hP04 M1xture::- Mix ?OO ihl. of H2S~~ (1:1) and 100 ml. of 85i H3Po4. 
Dilute -to_ 500 ml., neat· to' boil1ng-, and- cool. 

Silver Nitrate (0.5 g,/iiter) -Dissolve 50 mg. of the salt in 100 ml: of 
water. Store· in a brown glass ·dropping bottle. 

Standard Manganese Solut1on - D1ssolve 0.3476 g. of reagent grade KMn04 
in 200 ml. of water, add 10 ml. of H2S04 (1:1), and dilute to one liter. One ml. 
equals 0,1 mg. of manganese; -Dilute a 10-ml, aliquot of this stock solution to 
500 ml. One ml. equals 0.002 mg.- (2 micrograms)- of manganese-. 

SPECIAL APPARATUS 

A ·spectrophotometer capable of utilizing 5-cm. cells. 

SPECIAL PRECAuTIONS 

All the glassware used in this determination must be thoroughly cleaned, 
The beakers should be boiled with nitric and perchloric acids, fumed strongly with 
perchloric acid, and thoroughly rinsed with distilled water. It is advisable to 
set aside glassware to be used exclusively for this determQnation. To obtain a 
low blank, it may be necessary to pass the d1stilled water through an ion-exchange 
column and store in a Pyrex bottle, 
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PREP.A.RATION OF CALIBRATION GRAPH 

Pipet 1-, 2-, 5-, 7-, and 10-ml. aliquots of the standard manganese solu
tion (one ml. equals 2 micrograms of manganese) into 100-ml. beakers. Carry along 
a blank. Dilute to 10 ml., add 5 ml. of the H2S01~-H~P04 mixture and 3 drops of 
AgN03 solution. Add a Hengar (A12o3 ) boiling chip, 0.050 g. of KI04, cover, and 
boil gently for 10 minutes. Cool and tran~fer to a 25-ml. volumetric flask. 
Dilute to the mark and mix. Measure the, absorbance at 530 ~ in 5-cm. c~lls us1ng 
the blank as reference solution. Plot absorbance versus micrograms of manganese 
per 25 ml. 

PROCEDURE 

Carry a blank through the entire procedure. 

Dissolve 1.000 g. of niobium metal in a 100-ml. platinum d1sh fitted with 
a platinum cover, using 5 ml. of HF and dropwise,addltlon of HNO . Add 10 ml. of 
H2S04 and evaporate to light fumes of H2S04. - Cool and add HF dr~pwise to obtain a 
clear_solution, Transfer the sample to a polyethylene beaker containing 50 ml. of 
HF (2:'98) solution. Rinse the platinum dish with HF (2: 98) solution and add to 
the main solution. Chill the sample solution, the cupferrqn solution (saturated 
sol uti on in water), and the chloroform to between 0 and 5 °C. (Note 1) . 

Transfer the sample to a chilled, 250-ml. separatory funnel containing 
50 ml. of the chilled cupferron suspension. M1x, add 100 ml. of the chilled chloro
form and shake one minute. Withdraw the organic layer and discard. Add cupferron, 
about 5 ml. at a time ,unt1l precip1 tat ion -+S complete. Repeat the extraction with 
30 to 40 rn1. of chloroform unt1l the lower l_ayer 1s colorless. Rinse the funnel 
stem-yith chloroform, then with water. Add 50 ml, of isopropyl ether ~nd shake 
one minut_e. 

Wi thd;raw the aqueous layer to a 250-ml, Teflon beaker and e_vaporate to ?O ml. or les.s. Add 20 ml. of HCl and 10 mL of HN0 3, cover partially, and evaporate 
to remove ammon1um salts and HF (Note 2). Coolj transfer to a 100-ml. Pyrex beaker. 
Add 4 or 5 drops of HCl04 and aga1n evaporate to one ml. of H2S04 or less. Dilute 
to 10 ml. arid neutralize with NaOH (pH paper). Continue as described in Preparation 
of Calibration Graph, starting w,:Lth -"Add 5 m.l.. of H2S04 -H3P04 mixture.;-.. " (Note 3). 

NOTES 
,, 

1. If the temperature of the· solution is not less than 5°C,, the niobium 
cupferrate is only s:)..ightly soluble. The cup,ferron solution should be freshly pre
pared, nearly colorless, and should conta1n some undissolved reagent. 

2. I-f the so~1:1-t1on turns black, add. HN03 dropwise and repeat the fuming. 
Continue adding HN03 and evaporating to fumes until all organic matter is destroyed. 

3. If the de~th of color is beyond the range of 5-cm. cells, measure the 
absorbance in 1-cm. cells and refer to the proper calibrat1on graph. 
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SCOPE 

DETERMINATION. OF MOLYBDENUM IN NIOBIUM METAL 
(PHOTOMETRIC WITH THIOCYANATE) 

T~is method is suitable for the determination of molybdenum in niobium 
within the range of 1 to 100 p,p,m. 

PRINCIPLE OF METHOD 

After dissolutlon of the sample in HF and HN03 and removal of the excess 
HF with H2S04, the niobium :i!s complexed with ammonium Cltrate. The aci'dity lS 
adjusted so that the H2so4 con.c·entration is 1:9. Ferric ion, sodium thiocyanate, 
and stannous chloride are then added. The molybdenum thiocyanate complex is 
extracted with butyl acetate and measured spectrophotometrically at 470 ~· 

CONCENTRATION RP~GE 

The colored system follows Beer's law in the range from 1 to 25 ffilcro
grams of molybdenum in 30-ml, volume -uslng 5-cm. cells. The range may be extended 
to 100 micrograms by uslng 1-cm. cells. 

INTERFERENCES 

Under the conditions of the method, a 100-to-1 ratio of other metals, 
besides molybdenum, which react with thiocyanate, is Wlthout measurable effect. 
Ferric ion is necessary for the molybdenum_thiocyanate color system. However, lf 
the final butyl acetate extract is contaminated with ferrous lon, the extract will 
have a pink tint instead of yellow. Thus, all glassware which will come in contact 
with the colored system after color development must be free from traces of iron. 
Th{s will cause a positive error. 

SPECIAL REAGENTS 

Sodlum Thiocyanate - Dissolve 20 g. of NaCNS in 100 ml. of water. Prepare 
fresh daily. 

Stannous Chloride -Transfer 70 g. of SnC12:2H20 to a 250-ml, beaker. 
Add 20 ml, of concentrated-HCl and-warm until dissolved. Cool, transfer to a 
200-ml. volumetric flask, and dilute to the mark. Add a small chunk of metallic 
tin as a preservative. 

Ammonium Citrate - Dissolve 400 g .. of ammonium citrate in one liter of 
water. 

Sulfuric Acid Solution -Dilute 200 ml. of H2S04 (1:1) to one llter, mix, 
and cool. 

Butyl Acetate - Saturate the butyl acetate Wlth a small excess of NaCNS 
and store in a dark- bottle. Prepare .. fresh daily. 

Ferrlc Sulfate Solutlon - Dissolve one gram of Fe2 (so4)
3 

ln 100 ml. of 
H2S04 (1:9 • 
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Standard Molybdenu,lll So_lutlOn - Transfer 0.1800 g. of' (NH4)6Mo7024'4H20 
(assay 83.0%) Moo3) to a 250-ml. beaker and dissolve in 50 ml. of H2S04 (1:9) by 
warming. Transfer to a liter volumetrlc flask, cool, dilute to the mark, and mix. 
One ml. of this stock solution contains 0.1 mg. of molybdenum, Dilute 10,0 ml. of 
the stock solution to one liter with H2so4 (1:99) (one ml. = one microgram of 
molybdenum). 

PREPARATION OF ABSORBANCE-CONCENTRATION GRAPH 

Transfer 0 (blank), 1-, 2-, 5-, 10-, and 25-ml. aliquots of the diluted 
molybdenum stock solution to 250-ml, beakers. Add 5 ml. of H2S04 (1:9) and 2 ml. 
of ferric sulfate solution. Dilute to 50 ml. and chill in an ice bath to 4°C. or 
colder. Continue according to the procedure below, starting with "chill all 
reagents .... " Measure the absorbance in 5-cm. cells at 470 ~using the blank as 
refere;nce solution. Plot absorbance versus microg:rams of molybdenum on co-·ordinate 
paper. 

PROCEDURE 

Transfer a one-gram sample to a 100·-ml. platlnum dish or 250-mL •reflon 
beaker fitted with a cover, Add 10 ml. of HF and a few drops of HNO to complete 
the dlssolution. Add more HN03 and warm,if necessary. Add 10 ml. of H2S04 and 
?~ _J.l)J.. of formlc acid, carefully swirl to mlx, and evaporate until H2so4 fumes 
begln to evolve (Note 1). Cool, add 10 mJ .• of ammonium citrate solution, stir, 
and transfer to a 250-ml. beaker. Police the platinum dish and wash into the 
beaker, Adjust the pH of the sample solution to 5 to 7 (pH paper) with NH40H, 
dilute to 50 ml., and boil to obtain a ciear solution. Add 10 ml. of H2S04 (1:1) 
and 2 ml, of ferric sulfate solution (Notes 2 and 3). 

Chill all reagents and the samp1e in an ice bath to 4°C. or colder. 
Transfer the sample to a 125·-mJ. separatory funne1 by washing with 15 rnl. of H2S04 
(1:9). Add 3 ml. of NaCNS solution and mix. Add 5 ml. of SnC12 solutlon, mix, and 
add exactly 30.0 ml, of butyl acetate. Shake vigorously for one mlnute and allow 
the phases to separate. Discard the lower layer. Add 50 ml. of H2S04 (1:9), 2 ml. 
of NaCNS, an'd 2 m1. of SnCl2. Shake for one lliinute, separate, and dlscard the 
lower layer, Rinse the funnel stem Wlth water and dry w~th a swab of fllter paper, 

Filter the butyl acetate layer through a small plug of cotton inserted 
in the funnel stem. Discard the first few ml. of the filtrate and collect the 
remainder ln a dry, small flask. Measure the absorbance in a dry 5-cm. cell at 
470 ~ using the blank as reference so~utlon. 

NOTES 

1. Formic acid is added to decompose HN03. Use care to avoid spray loss. 
Do not evaporate to-dense fumes of H2so4. Add 1 or 2 drops of HF, "if necessary, to 
clear the solution. 

2, If the sample is known to contain more than 25 ~crogr~s of molybdenum, 
dilute to volume and obtain· a suitable size-aliquot. Alternatively, the absorbance 
may be measured in 1-cm. cells if the conqentration is not greater than 100 micro
grams, In ttis case, prepare a calibration graph for the range 10 to 100 micrograms 
using 1-cm. ·cells. 
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SCOPE 

DETERMINATION OF T.A.NT.£\.LUM IN NIOBIUM 
(PHOTOM"ETRIC IHTH METHYL VIOLET) 

This method is suitable for the determ1nation of small amounts of tan
talum (0.01 to 0,20%) in niobium. 

PRINCIPLE OF METHOD 

After dissolutlon of the sample, traces of boron are removed by volatillza
t1on with HF. The salts are fused 1n sod1um b1sulfate and the melt d1ssolved in 
ammonium oxalate solution. The tantalum 1s extracted as the methyl violet-fluoride 
complex 1nto benzene and ~etermined spectrophotometricallY.. 

CONCENTRATION RANGE 

The range using a 1-cm. cell 1s from 0.005 to 0.1 mg. of tantalum in 
25 ml. of benzene. The colored system follows Beer's law and 1s stable for at 
least 4 hours 1n a stoppered container. 

INTERFERENCES 

Boron is a very serious 1nterference and removal of boron by volat1l1za
t1on with HF is incorporated 1n the procedure (Note 1). Titan1um, zircon1um, and 
n1ob1um do not interfere. 

SPECIAL REAGENTS AND EQUIPJ'.ffi'NT 

Centrifuge 

Centr1fuge Tubes - 40-m.l. volume, boron··free glass, quartz, or benzene
insoluble plastic _tubes. 

Methyl Violet - D1_.ssolve 0.1 g. of methyl v1olet 1n 100 ml. of water. 

Ammon1um Oxalate - D1ssolve 40 g. of ammon1um_oxalate 1n one l1ter of 
water. 

Blank Solut1on - Fuse 8 g. of sodlUo.!l bu;ulfate unt1l sulfur1c ac1d fumes 
are no longer evolved. D1ssolve the melt 1n 100 ml. of ammonium oxalate and dilute 
to 200 ml. 1n a volumetrlc flask w1th water. 

l. 5N Hydrofluonc Ac1d - D1lute 27 !Jl~. of 48~ reagent-grade hydrofluonc 
acid to 500 ml. Store in a'polyethylene bottle. 

Standard Tantalum Solut1on ·- Dissolve 0. 0~5 g. of tantalum metal or 
0.0305 g. of tantalum pentoxide ~·n 3 to 5 !J1J_, of hydrofluonc acid to wh1ch 2 drops 
of nitric acid have been adde_d-. .Add 2 ml. o'f' H2so4 and evaporate to dryness. Fuse 
with 4.0 g. of sodium b1sUlfate QDtil sUlfuric acid fumes cease to be evolved. Dls
solve the melt in 50 m_i. 6:f 8.mmon-lufu oxaiate (l+O g./llter). Cool and transfer to a 
100-ml. volUm.etr1c flask us1ng water. D1lute to the mark w1th water. Each m.l. 1s 
equal to 0.25 mg./ml. 

UCCNHT0000259 



Transfer a 10-ml. allquot to a 50-ml. volumetnc flask and dilute to the 
mark with the blank solution. Each ml. is equal to 0.050 mg./ml. Transfer a 10-ml. 
aliquot of this solut1on (0.050 mg. of tantalum per ml.) to a 50-ml. volumetr1c 
flask and dilute to the mark with the blank solut1on. Each ml. 1s equal to 0.010 mg./ml. 

' 
PREPARATION OF CALIBRATION GRAPH 

Transfer al1quots conta1ning 0.02, 0.05, 0.075, and 0.10 mg. of tantalum 
to 125-ml. separatory funnels. Carry along a blank at the same t1me. Dilute all 
the solutions by addit1on of suff1c1ent quantity of the blank solut1on with a p1pet 
to make up to 4 ml. (Note 2). Add_2 ml. of water. Working on each funnel sepa
rately, add the follow1ng reagents successively vith pipets; 2.0 ml. of 1.5!! hydro
fluoric acid, 25.0 ml. of benzene, and 2.0 ml. of methyl violet. Shake exactly 
20 seconds. Allov the layers to separate; 1mmediately draw off the aqueous phase 
and discard. Immediately draw off the organic phase and store in a stoppered quartz 
centrifuge tube (Note 3). Complete the rema1ning al1quots 1n the same manner. 
Centrifuge for 20 to 30 seconds. Measure the absorbance of the benzene solution 
in a spectrophotometer 1n 1-cm. cells at 580 ffi!_l, nulling the instrument agamst the 
reagent blank. Plot absorbance versus milligrams of tantalum. 

PROCEDURE 

Transfer 0. 500 g. of sample to a plat1num d1sh. Ji.dd 10 ml. of hydrofluoric 
ac1d. Add n1tric acid slowly and dropw1se unt1l the sample lS dissolved. Add 2 ml, 
of sulfuric acid and evaporate to dryness on a sand bath to remove traces of boron 
(and silicon). 

Cool, add 8.0 g. of NaHS04, and fuse unt1l sulfur1c acid fumes cease to 
be evolved (Note 4). Dissolve the melt 1n 100 ml. of ammon1um oxalate (40 g.jl1ter). 
Cool and transfer to a 200-ml. volumetr1c flask us1ng water. Dilute to the mark 
with water. 

Start a blank by pipett1ng 20 ml. of the blank solut1on 1nto a separatory 
funnel. 

Transfer a 20-ml. aliquot to a separatory funnel and add 10 ml. of water. 
If more than one sample is be1ng anglyzed, handle each 1ndiv1dually. Add 10 ml. of 
l. 5!'!. hydrofluoric acid, p1pet 25 mL of benzene, and pipet 10 ml. of methyl v1olet 
solut1on. Shake v1gorously for exactly 20 seconds. Allow the layers to separate, 
immed1ately draw off the aqueous phase and d1scard. Immed1ately draw off the 
organ1c phase and store in a stoppered quartz centrifuge tube. Complete the 
rema1n1ng samples 1n the same manner. 

Centrlfuge for 20 to 30 seconds. Measure the absorbance of the benzene 
solution 1n a spectrophotometer ln 1-cm. cells at 580 ffi!_L, nulling the 1nstrument 
aga1nst the reagent blank. 

NOTES 

l. Boron is the most serious of the 1nterferences; however, it is not as 
sensit1ve as tantalum. Iodide, n1trate, and mercury (I) enhance the color. Calc1um 
and rare earths inh1bit the color formation slightly. Poluetkov, N. S., Konenenko, 
L. I., Lauer, R. S., Journal of Analytical Chemistry (U.S.S.R.) 13, 449 (1958) 
(Engllsh translat1on). 
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2. The pH_ for optimum extraction of the tantalum methyl v~olet-fluonde 
complex into benzene is 2.}. Careful -add~tions are necessary to assure this pH. 

3. If quartz or. boron-f'r·ee giass is unavai-lable, draw off and store the 
organic layer ~n a plat~num or porcela~n dish and cover w~th a watch glass. Handl~ng 

each sample lndividually, transfer the organ~c layer to a centr~fuge tube and centri
fug~ EXACTLY 20 seconds. Stop centr1fuge as qu~ckly as poss1ble and measure the 
absorbance of the solution. Contact w~th glass must be held to a m1nimum because of 
the fluor~de present which is necessary ~n the extract~on, 

4. Do not fus-e for a prolonged t~me or the melt will not dissolve 1n the 
ammop1~ oxala~e leach. 
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SCOPE 

DETERMINATION OF TRACES OF TANTALUM IN NIOBIUM 
ION EXCH.A.NGJ~ SEPARATION AND PHOTOMETRIC 

DETERMINATION MITH METHYL VIOLET 

This method is suitable for the determination of small amounts of tantalum 

(0.0005 to- 0-.20%) in niobium metal. 

PRINCIPLE OF ,_-METHOD 

The bulk of the n1ob1um 1s separated on the 10n exchange column contain-ing 

Dowex 1 resin. The resin lS decomposed by 1gn1tion, traces of boron are removed, lf 

present, by volatil1zation with HF, the tantalum oxide is fused in NaHS04, and the 

melt is dissol~ed 1n ammon1um oxalate solut1on. The tantalum in an aliquot of the 

solution is:extracted as the methyl violet-fluoride comp~ex into benzene and deter

mined spectrophotometrically. 

CONCENTRATION RANGE 

The range using a 1-cm. cell lS from 0.01 to 0.1 mg. of tantalum in 25 ml. 

of benzene. The colored system follows Beer's law and is stable for at least 4 hours 

in a stoppered conta1ner. 

INTERFERING ELEMENTS· 

Boron is a very serious interference and removal by volatilization with 

HF is incorporated in the procedure (Note 1). Titanium, zirconium, and niob1um do 

not interfere (Note 4). 
/ 

SPECIAL APPARATUS 

l. The columns are cQnstructed of transpaFent Tygon tubing, 12 inches 

long and l/4 inch I.-D. The flow is controlled by _a hose cock on the Tygon tubing. 

2. The resin is Dowex 1, 100 to 200 mesh, 8 to 10% di-v1nylbenzene cross 

linkage. Prepare a suspension of the resin in dilute HCl (1 :-19). 

3. A plug of Dyne~ wool, about 3/8 1nch th1ck, lS 1nserted 1nto the tube 

about -2 1nches from the bottom. Add the suspens1on of res1n 1n one addltion. 

Enough re91n should be present to have a settled column about 4 inches high. Dra1n 

to just above the top of the column. 

AJIDnonium Chloride-hydrofluoric Ac1d - Dissolve 140 g. of ammon1um chloride 

and 40 ml. of hydrofluqric acid in water, and d1lute to one liter with water. Store 

1n a polyethylene bottle. 

Hydrochloric Acid-hydrofluonc Ac1d - Add 250 ml. of HCl to 300 ml. of 
water, add 200 ml. of HF, and dilute to one l1ter with water. Store in a poly
ethylene bottle. 
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Centrifuge 

Centrifuge Tubes - 40-ml. volume, boron-free glass, quartz, or benzene
insoluble plastic tubes. 

Methyl Violet - Dissolve 0,1 g. of methyl v1olet in 100 ml. of water. 

Ammonium Oxalate - Dissolve 40 g. of ammonium oxalate in one l1ter of water. 

Blank Solut1on - Fuse 8 g. of sodium bisulfate unt1l sulfuric ac1d fumes 
are no longer evolved. Dissolve the melt in 100 ml. of ammonium oxalate and dilute 
to 200 ml. 1n a volumetric flask w1th water. 

l.5N Hydrofluoric Acid - D1lute 27 ml. of 48% reagent-grade hydrofluoric 
ac1d to 500 ml. Store in a polyethylene bottle. 

Standard Tantalum Solution - Dissolve 0.025 g. of tantalum metal or 
0.0305 g. of tan~alum pentoxide in 3 to 5 ml. of hydrofluoric acid to which 2 drops 
of nitric acid have been added, Add 2 ml. of H2S04 and evaporate to dryness. Fuse 
with 4.0 g. of sodium bisulfate until--sulfuric acid fumes cease to be evolved. Dis
solve the melt in 50 ml. of ammonium oxalate (40 g./liter). Cool and transfer to a 
100-ml. volumetr1c flask us1ng water. Dilute to the mark with water, Each ml, is 
equal to 0.25 mg./ml. 

Transfer a 10-ml, aliquot to a 50-ml. volumetric'flask and dilute to the 
mark with the blank solutio~. Each ml. 1s equal to 0.050 mg./ml. Transfer a 10-ml. 
aliquot of th1s solution (0.050 mg./ml.) to a 50-ml. volumetric flask and d1lute to 
the mark with-the-blank solution. Each ml. is equal to 0.010 mg./ml. 

PREPARATION OF CALIBRATION GRAPH 

Transfer aliquots containing 0,02, 0.05, 0.075, and 0.10 mg. of tantalum 
to 125-ml. separatory funnels. Carry along a blank at the same time, Dilute all 
the solut1ons by addition of sufficient quantity of the blank solution with a pipet 
to make up to 4 ml. (Note 2). Add 2 ml. of water. Working on each funnel separately, 
add the following reagents successively with p1pets: 2.0 ml. of 1.5~ hydrofluor1c 
acid, 25.0 ml. of benzene, and 2.0 ml. of methyl v1olet. Shake exactly 20 seconds. 
Allow the layers to separatej immediately draw off the aqueous phase and discard, 
Immedlately draw off the organic phase and store in a stoppered quartz centrifuge 
tube (Note 3). Complete the remaining al1quots in the same manner. Centrifuge 
for 20 to 30 seconds. Measure the absorbance of the benzene solution in a spectro
photometer in 1-cm. cells at 580 ~ using the reagent blank to null the instrument. 
Plot absorbance versus milligrams of tantallli~. 

PROCEDURE 

Transfer a suitable sample (1,00 to 5.00 g.) to a 300-ml. platinum dish. 
Add 10 ml. of hydrofluoric ac1d and nitr1c acid dropwise until the sample is dis
solved. Evaporate on a steam bath until almost dry. The bottom of the dish should 
still be mo1st. Add 50 ml. of the ammonium chlor1de-hydrofluor1c ac1d solut1on and 
warm gently to obtain a clear solut1on. 

Cool, transfer the solution to the column in small increments, and dra1n 
to 1 em. above the resin bed, Add 25 ml. of the hydrochloric-hydrofluorlc acid 1n 
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small 1ncrements and allo~ to drain dry. Transfer the resin and Dynel plug to a 
100-ml. platinum d1sh with a jet of water. Evaporate on a sand bath unt1l dry. 
Ignite at a low temperature and finally at 500°C. to remove all organic matter. 

Cool and add 5 ml. of hydrofluoric acid and 2 ml. of H2so4, and heat on 
a sand bath to dryness to remove traces of boron (and silicon). 

Cool, add 4.0 g. of NaHS04 .and fuse until sulfuric ac1d fumes cease to be 
evolved. Dissolve the melt in 50 ml. of ammonium oxalate (40 g.jl1ter). Cool and 
transfer to a 100-ml. volumetric flask using water. Dilute to the mark with water. 

Transfer a 20-ml. aliquot to a separatory funnel. Transfer a 20-ml. 
aliquot of the blank solut1on to a separatory funnel. Add 10 ml. of water. Pro
ceed on each funnel separately. Add the following reagent successively with pipets: 
10.0 mi. of 1.5N hydrofluoric acid, 25.0 ml. of benzene, and 10.0 ml. of methyl 
violet. ·shake exactly 20 seconds. Allow the layers to separate; immediately draw 
off the aqueous phase and d1scard. Immediately draw pff the organic phase and store 
in a stoppered quartz centrifuge tube (Note 3). Complete the remaining aliquot~ in 
the same manner. Centrifuge for 20 to 30 seconds. Measure the absorbance of the 
benzene solution iiJ. a spectrophotometer in 1-cm. cells at 580 Illj.l using the reagent 
blank to null the instrument. F1nd the concentration of tantalum present in the 
aliquot by reference to the calibration graph. 

NOTES 

1. Boron is the most serious of the interferences; however, it is not as 
sensitive as tantalum. Iodide, nitrate, and mercury (I) enhance the color. Calcium 
and rare earths inhibit the color formation slightly. N. S. Poluetkov, L. I. Konenenko, 
R. S. Lauer, JOURNAL OF ANALYTICAL CHEMISTRY (U.S.S.R.) 13, 449 (1958) (English trans
lation). 

2. The pH for optimum extraction of the tantalum methyl violet-fluoride 
complex into benzene is 2.3. Careful additions are necessary to assure this pH. 

3. If quartz o~-boron-free glass is unava1lable, draw off and store the 
organic layer 1n a platinum or porcela1n d1sh and cover with a watch glass. Handling 
each sample indiv1dually, transfer the orgaDlC layer to a centrifuge tube and centri
fuge EXACTLY 20 seconds. Stop centr1fuge as qu1ckly as possible and measure the 
absorbance of the solution. Contact with glass must be held to a m1nimum because of 
the fluor1de present w~ich is necessary in the extraction. If boron-free equipment 
is used, the timing- of ext:&act1on and centn.fuging is not cri t1cal. 

4. ~o reduce boron-contamination, reserve a set of equipment for use w1th 
this determ1nation only. 
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SCOPE 

DETERMINATIQN OF SMALL AMOUNTS OF TIN IN NIOBIUM METAL 
(PHOTOMETRIC WrTH PYROCATECHOL VIOLET) 

Th2s method is designed for the determ2nat2on of tin in niobium in the 
range of 0.0003 to 0.5%. 

PRINCIPLE OF METHOD 

The sample is dissolved in HF and HN03 ac2ds, After removal of HF and 
HN03 by fum2ng with H2S04, the final solut2on is adjusted to approximately 1M in 
HCl and 2M in H2so4. The t1n (IV) lS extracted with O.OlM tris(2-ethylhexyl)
phosphine oxide in cyclohexane. Any interfering ions such as antimony or arsenic 
are removed by back-extraction with a 1M HC1-2M H2so4 mixture. The color is 
developed with pyrocatechol violet and measured spectrophotometrically at 575 ~· 

CONCENTRATION RANGE 

The colored system follows Beer's law over the range of 3 to 30 micrograms 
of tin in 10 ml. of organic solvent using 1-cm. cells. The colored system is stable 
for at least 12 hours. 

INTERFERENCES 

Antimony, arsenic, and chromium (VI) interfere with the colored system 
but these elements are not ordinarily found in high-purity niob2um metal, and 
chromium remains as chromium (III) in the steps of the procedure. HF and HNO~ 
mterfere but are removed by volatili.zation by strong fuming with H2so4. __, 

REAGENTS AND SOLUTIONS 

Standard T2n Solution - Dissolve 0.1000 gram-of tin in 100 ml. of HCl. 
Cool and dilute to'one liter wit4 water. Pipet 10.0 ml. of this solution to a 
100-ml. volumetric flask. Dilute to volume with the 1M HC1-2M H2S04 m2xture. 
Each ml~ conta2ns 10 ~g. (micrograms) of t2n. 

1M HC1-2M H2S04 Mix - Add 85 ml. of concentrated HCl to 222 ml. of H2so4 
(1:1), and dilute to one liter with water. 

_ Tris 2-Eth Solut2on - O.OlM 2n cyclohexane 
(3.8665 g. liter: The reagent is' available from" Chemicals Procurement Company, 
18-17 130th Street, College Point, Long Island, or K & K Laboratories, Iric., 
177-10 93rd Avenue, Jamaica 33, New York. 

Pyrocatechol Violet (0.5 g./liter) -Weigh out 0.0500 g. of pyrocatechol 
violet in a 100-ml. volumetric flask. Dilute to volume w1th 95% ethanol. Shake 
until dissolved. Prepare FRESH daily. 

Pyridine - Reagent grade. 
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PREP .ARATION OF CALIBRATION GRAPH 

Pipet 0 (reagent blank), 1-, 2-, 5-, and 10-ml. portions of the standard 

tin solution into clean, dry 125-ml. separatory funnels. Add 5 ml. of the TEHPO 

solution with a pipet and shake for 10 minutes. Allow the layers to separate, 

drain off the aqueous portion and discard. Pipet 2.0-ml. portions of the organic 

phase into clean, dry 10-ml. volumetric flasks .. Add 2.0 ml. of the pyrocatechol 

violet solut1on with a pipet into each flask and mix. Pipet 1.0 ml. of p~idine 

into each Nolumetric flask and mix. Dilute to volume with 95~ ethanol and mlX well. 

Allow to stand in a water bath (55 to 65°C.) for 20 minutes. Cool to room tempera

tur.e. 

Measure the absorbance of the solution in 1-cm. cells at maxim~ absorbance 

which occurs near 575 ~' placing the reagent blank in the reference cell. 

Prepare the absorbance-concentrat1on graph by plotting the absorbance of 

the solutions versus tin concentration. 

PROCEDURE 

Dlpsolve the sample in HF with dropwise addition of HN0 3 in a platinum 

dish (Note 1). Carry a blank through all steps of the procedure. Add 22 ml. of 

H2S04 (1:1) and evaporate to strong fumes of sulfuric ac1d. Wash down the sides of 

the dish w1th water and evaporate to strong fumes. Repeat once again. Cool, add 

25 ml. of water, and warm on the hot plate. Transfer the sample to a 100-ml. 

volumetric flask conta1ning 9.0 ml. of HCl. Cool to room temperature, d1lute to 

volume, shake well, and allow to stand until the bulk of hydrolyzed niobi~ settles 

to the bottom. Filter 60 to 65 ml. of the solution through a Whatman filter No. 40 

paper or e_quivalent into a clean beaker. (Some of the hydrolyzed niobium w1ll run 

through the paper, but will be removed later in the procedure. ) Transfer an 

aliquot conta~ning 5 to 75 ~g. of t~n to a clean, dry separatory funnel. Add 

5.0 IDl. of the TEHPO solution with a pipet and shake for ten minutes. Allow the 

layers to ·separate, draw off the aqueous port1on, and discard. Add 5 ml. of lM HC1-

2M H2so4 solution, and shake again for five minutes. Draw off the aqueous portion 

and discard. 'rhe hydrolyzed niobium will form an emulsion with the qrganic. Trans

fer to a centrifuge and centrifuge for a minute or two. Draw off a 2-ml. portion of 

the organic phase with a pipet and, proceed_ as .outlined under Preparation of Calibra

tion Graph. 

NOTES 

l. If the sample conta1n~ acid-ipsoluble tin, such as oxide, the solu

tlon, after acid dissolut1on, may be ..fil~ered apd -:the res1due burned off: at 600°C. 

ip ~porcelain crucible. The residue is then fused with a known weight of Na2co~ 

and dissolved in the acid solut1on. A blank must be carried through all steps of 

this procedur~. A_ny tin co~po~r:~ 1:pfusible in Na2co3 cannot be,~ with .th1s method 

since ord1nary Na202 contains too much ti~ as an impurity. 

REFERENCES 

l. Ross and ·White, AnBl.---Chem. 33, 4~1 ·(-).961) 
2. rbid., n, 42_4 (1961). 
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SCOPE 

DETERMINATION_OF TUNGSTEN IN NIOBIUM 
(SPECTROPHOTOMETRIC WITH DITHIOL) 

This method is applicable for the determination of tungsten in niobium 

greater than- 5 p.p.m. By suitable modification, tungsten can be determined down to 

1 p.p.m. (Note 4). 

PRINCIPLE OF METHOD 

The sample is disSOkVed in HF and HNO~, and then fumed gently in H2so4 to 

remove the HN0 3. Molybdenum is separated by extractLon from an HCl (1:4) solution 

WLth dithiol in amyl acetate. Tungsten LS reduced in 9 to llN HCl Wlth Ti(III), 

extracted with dithiol, and-determined spectrophotometrically. 

CONCENTRATION RANGE 

The range extends from 0.005 to 0.20 mg. of tungsten in 25 ml .. of amyl 

acetate using 1-cm. cells lf the absorbance is measured at 640 lllj..L -(Note 4). 

INTERFERENCES 

There are no interferences from other metal lOllS in the concentrations 

normally found ln nLobium metal. However, lf appreciable molybdenum is present, 

this method is not applicable (Note 1). 

SPECIAL REAGENTS AND SOLUTIONS 

Zinc Dithiol Solution - Dissolve 1.0 g. of zinc d1thiol .. in 100 ml. of NaOH 

(:f-0 g./liter) solution. ·--Prepare just before use. The zinc dlthiol is available from 

Fisher 9cientific Company. 

Isoamyl Acetate - Purified grade. The liquid should ·be colorless. 

Tin (II) Chloride Solution - Dissolve 200 g. of SnC12 ·2H2o in 500 ml. of 
HCl and dilute to one liter with water. Place a few pieces of metallic tin in the 

solution. 

Titanium Soluti6n ,._-Dissolve 10 ·g •. of tungsten-free titanium 

metal with 200 ml. of-- HCl 1: I· -in an Erlenmeyer flask. As soon as the metal has dis

solved, cool the solution, dilute to 500 ml, with HCl (1:1), and store in a stoppered 
bottle. 

Dithiol -(Toluerie-3,4-dithiol) - Obtainable in one-gram v-ials from Eastern 
Chemical Corp,", 24 ·spring Street, NewarK:", New Jersey. The reagent should be kept -

refrigerated uritil needed, and, if possible, under an inert atmosphere (Note 2). 

Standard TungSten Stock Solution (100 micrograms per ml. )· - Dissolve 
0.1794 g. O"f Na2W04 • 2H20 in ·water;· Add 100 ml. of sodium hydroxide solution 
(100 g./liter) and dilute to one liter. Store in a caustic-resistant bottle. 
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Dilute Standard T sten Solution 
of the standard- turigsten s'tock solution 100 
water. 

- Dilute 50 ml. 
500 ml. with 

PREPARATION OF CALIBRATION GRAPH 

Transfer 0 (blank), 1-, 2-, 5-, 10-, 15-,-- and 20-m.l, aliquots of the 
dilute standard tungf?ten solution ( 10 o /ml. ) to a 125 -II)l. flask. Add 3 ml. of sul
furic acid and evaporate to light fumes of sulfuric acid, Cool. Cautiously add 
5 ml. of water, 25 ml. of HCl, 5 ml. of tln (II) chloride solution, and 10 ml. of 
titanium (III) chloride solution (Note 2). Heat to about 80 to 90°C, and add 10 ml. 
of zinc dithiol-solution. Heat in a hot water bath at-80 to 90°C, for 20 minutes. 
Cool and transfer to a separatory funnel, rlnse with two 5-ml. portions of HCl (4:1). 
Add 25.0 ml. of iso~yl acetate with a pipet and shake Vlgorous~y for 9n~·mlnute. 
Allow the layers to separate, draw off the aquequs phase and.discard. Wash the 
organic layer twice with 3-mJ,_. portions of HCl (4:1). Discard the acid washings. 

Transfer a portion of the colored organic solution to 1-cm. cells. 
Measure the absorbance of the solution at 640 ~ versus the blank which is placed 
in the reference cell.of the spectrophotometer. Prepare a calibration graph by 
plotting concentration versus absorbance of the solution. The colored system 
follows Beer's law and is stable for 24 hours (Note 3). 

PROCEDURE 

Transfer a sample not greater than one gram or containing not more than 
0.2 mg. of tungsten to a 50-ml, platinum dish. Add 5 ml. pf HF and HN03 dropwise 
until the sample is in solution. Add 3 ml. of H2S04 and evaporate to light fumes. 
Cool and add 0.5 ml, of HF. 

Add 15 ml. of HCl (1:4). Transfer to a 125-ml. Erlenmeyer flask and use 
5 ml. of HCl (1:4) to rinse the platinum dish. Cool to below l0°C, and add 5 ml. 
of tin (II) chlo~ide. Add 10 ml. of dithiol amyl acetate solution (O.B g. of 
dithiol (not zinc dithiol) per 100 Jp.l, of-amyl acetate), cork with a rubber stopper, 
and ?hake 5 min~tes on a mechanical shaker. Transfer to a separatory funnel ~nd 
rinse the f+.ask with two 5-ml. portions of amyl acetate. Allow the layers to 
sepa~ate. Transfer the acid lay~r contai~~ng the tungsten quantitatively back to 
the Erlenmeyer flask, (Discard the amyl ace~ate layer whic~ contalnS the molybdenum.) 
Evaporate to fumes of sulfur~c apid. If charrlng occurs, add- several drops of HJ'l'03, 
and again evaporate to fu¥1es o~. sulfuric: acid. Cool, add 0.5 ml, of HF, and cautiously 
add 40 ml. of HCl. Continue as in the Preparation of Calibration Graph, starting 
with "Add 5 ml. of tin (II) chloride solution, add 10 ml. of tltanium (III) .... " 

NOTES 

1. About 0.4 mg. of molybdenum may be removed by extraction in the pro
cedure, The method is not applicable if more than this concentration is present in 
the s~le or aliquqt, 

2, The acidlty of t:P.e solution must be between 9_and 11!'!_ for complete 
reduction of tungsten (VI) to tungsten (V). 

3. If the organic laye~ is turbid, it can be fi~tered t~rough a cotton plug. 

4. The range can be lowered by measuring the absorbance in 5-cm. cells, 
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DETERMINATION OF TRACES OF ZIRCONIUM AND TITANIUM IN NIOBIUM 
(ION EXCHANGE-SPECTROPHOTOMETRIC METHOD) 

SCOPE 

This method is designed for the determination of traces (p.p.m.) of zir
conium-and titanium i~ niobium metal. The same procedure is applicable for these 
elements in tantalum metal. 

PRINCIPLE .OF. METHOD 

After dissqlution of the sample ln HF and HNO~ acids and removal of the 
nitric aCld, the solutwn. is aqjusted to HF (1: 9) and HCl (1: 1). The solution is 
passed-tprough an ion exchange column containing Dowex 1 anion resin. Zirconium 
and titani~ pass through the column while tantalum and niobium remain on the 
column. Zlrconlum is determined spectrophotometrically Wlth phenylfluorone. The 
titanium is extracted as the thiocyanate complex by tri-n-octylphosphine oxide 
(TOPO) dissolved in cyclohexane and is determined spectrophotometrically. 

CONCENTRATION RP~GE 

The concentration range for zirconium extends from l to 4 micrograms (~g.) _ 
in 25 mi. using 5-cm. cells. The system follows Beer's law and is stable for 3 hours. 

The concentration range for titattium exten9.s fr.om 1 to 5 micrograms (~g.) 
i~ a volume of 25 ml. using 1-cm. cells. The system follows Beer's law and is stable 
for 12 hours. 

INTERFERENCES 

Zirconium - AlkEl.li metal.§_·., alkaline .. earths, t:Q9riUJ!l,_ ~luminum; zinc, cad
m.j,um, E\.D.d bivale.nt metals do .nci"t interfere. ':j:'itanium, tin, colored ions, _antimony, 
t~ntalum, niobium, hafni~, phosphate, fluoride, and nitrate interfere, as well as 
excessive amounts of sulfate. Interference of iron, chromium, cobalt, nickel, 
bismuth, silv~r, tungsten, niobl~, and taptalum lS eliminated by the ion exchange 
separation. The small amount of titanium remaining is eliminated by an H202-
ammonium hydroxide separation. Nitrate, fluoride, and excessive amounts of sulfate 
are eliminat~d by. volatilization when fuming down almost to- dryness.;_before· ,the color 
dev;elopment. "· ' · 

Tltanium -Niobium interferes by formation of a color. Niobium inter
ference is elim~nated by the ion e~change separation. 

APPARATUS AND RESIN 

1. ION EXCHANGE COLUMNS 

The colUmns aFe constr~ct~d of polystyrene and are approximately 18 inches 
long apd one inch I.D. The bottom of the tube is closed by a waxed No. 5 rubber 
stopper with a 3/16-lnch hole. A 3-inch length of polystyrene tubing with a 3/16 inch 
O.D. is inserted in the hole. A 3-inch length of Tygon tubing is attached and the 
flow controlled by a hose cock on the Tygon tubing. 
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2. RESIN --

The column pac}l;ing is Dowex l resin, 200 to 400 mesh, 8 ·to 10% divinyl
benzene cross'linkage. Prep·are a suspension of the resin in-dilute HCl (1:19). 
Allow the coarser fraction to settle 10 to 15 minutes and remove the fines by 
decantation. Repeat the process about 7 to 8 times until most of the fine 
material is removed ~rom the suspensiop. 

3. PREPARATION OF COLUMN 

The bottom of the ion exchange column is covered with a 1/4- to 3/8-inch 
layer of ac_id.-resistant vinyl ch;!,.o_ride p:J:astic wool (Dynel). -Transfer the sus
pension of resin to the column in one addition. Sufficient .resin should be present 
to form a- 'settled column 12 inches high. The loaded column should be eluted several 
times alternately with HCl (3:1) and HCl (1:9) to remove the fines. The column is 
thep_ ~a$h.~d Y[l tl). HCl ( l: 3) apd is f~·ady_ for use. At no time should the column be 
allowed to run dry. The flow rate should be about 100 to 125 ml. per hour. 

!+-. POLYEI'HYLENE W·.ARE 

400-, 600-, and-1000-ml. beakers and bottles for pr-eparing, storing, and 
dispens1.ng acid mixtures. Graduated 100-ml. cylinder. 

SOLUTIONS AND REAGENTS 

Hydrochloric .. hydrofluoric Acid SolU:tion ..,. Add 100 ml •. of HF to 200 ml. of 
water, ad:d-'-500 riil; of HC:t:,."and 1di'lute.,to ·one· liter with water. Cool to room tempera
ture. 

Ammonium Chloride Solution (240 g./ll.ter) - Dissolve 240 g. of NH4Cl 1.n 
800 ml. of water, and dilute to one liter with -water. , 

N1.0bium and Tantal-um Eluant - To•-600 mL -of the ammonium chloride solu
tion-, 'add ·4'0-'ml-. of HF~ 'Adjust the ·pH --from 5. 5 'to _..6,, 5 wiih•lNH40H';- -(Approximately 
80 ·to 85 mh will be requi-red.).: Di:1ute ·to· one ,liter with wat·er (Note·~ ·1}. · 

Gelatin Solution (5 g./ll.ter) -·Dissolve 0.5 g. of gelatl.n in 100 ml. of 
boiling water. 

Phenyl:fluorone (0.3'€;,--/liter)- 0.0300 g·: o:f phenylfJ:uorone in 100 ml-. of 
ethanol containing one ml. of HCl. Mix on a shaker until clear. The solution 1.s 
stable for.one week, 

Zirconium Standard Solutions 

A. Stock Solution -Dissolve 0.0353 g. of ZrOCl2 ·BH20 in 50 ml. of HCl 
and dilute to one· liter. 

B. Dilute Standard· Solution - Bipet a 10-ml. portion of the stock solu
tion into a 20().,.ml. voluniet:dc fla.sk, add 25 ;m.l .• of HCl, and· dilute to volume. Each 
ml. contains 0.5- microg-ram ·(~g.},of zirconium and 0,25 ml. :of HCl. 
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Titanium Standard Solutions 

A. Stock Solution - Dissolve 0.0500 g. of titanium metal in 100 ml. of 
HCl. Transfer to a liter volumetric flask, add 400 ml. of HCl, and dilute to 
volume with water. (Solution is 6N or (1:1) with respect to HC1.) 

B. Dilute Standard Solution - Pipet a 5-ml. portion of the .stock solu
tion to a 500-ml. vol'umetric flask, add 250 ml. of·Hcl, and dilute to volume with 
water. Each ml. contains 0.5 microgram (~g.) of titanium. The HCl concentration 
is about 6~ or (1:1). 

Tri-n-octylphosphine Oxide Solution (TOPO) - Approximately 0.01~ in cycle
hexane. Dissolve 3.9 g. of tri-n-octylphosphine oxide (Eastman Chemical Products, 
Inc., Eastman Kodak Company) in one liter of cyclohexane. 

PREPARATION OF zrnCONTUM CALIBRATION GRAPH 

Transfer 0 (blank), 1-, 2-, 4-, 6-, and 8-ml. aliquots of the dilute 
standard zirconium solution to 25-ml. volumetric flasks. Add enough HCl (1·1) to 
each flask to contain one ml. of concentrated HCl per 25 ml. volume. Dilute to 
about 10 ml. with water, add 2 ml. of gelatin solution, 5 ml. of phenylfluorone 
solution, dilute to volume, mix well, and allow to stand for 30 minutes. Measure 
the absorbance of the solution versus the blank in 5-cm. cells at maximum absorbance 
which occurs near 535 ~. 

Prepare the absorbance-concentration graph by plotting the absorbance of 
the solution versus the zirconium concentration. 

PREPARATION OF TITANIUM CALIBRATION GRAPH 

Transfer 2-, 4-, 6-, 8-, and 10-ml. aliquots of the dilute standard 
titanium solution to 125-ml. separatory funnels. Add 150 mg. of solid sodium thio
cy~nate per ml. of solution. The resulting mixture is extracted for 5 minutes on 
a shaker with 5 ml. of the TOPO solution. A. reference solution which contains the 
reagents but no titanium is similarly extracted to use as a blank. Draw off the 
aqueous phase and discard. Dry the funnel stem with a swab of filter paper. Place 
a glass wool plug in the stem of the separatory funnel and fill a 1-cm. cell w1th 
the organic solution. Measure the absorbance of the solution at maximum absorban·ce 
which occurs near 432 ~ versus the reference solution. Clean the separatory funnels 
with ethanol, water, nitric acid, and a thorough washing with water-, in that order. 

Prepare the absorbance-concentration graph by plotting the absorbance of 
the solutions versus the titanium concentration. 

PROCEDURE 

Carry a reagent blank through all steps of the procedure. To a sample 
containing 1 to 10 ~g. of zirconium and/or 1 to 10 ~g. of titanium in a large 
platinum dish, add HF and ·dropwise addition of HN03. Evaporate on a steam b"ath 
until almost dry. Add 10 ml. of HF, 1 ml. of form1c acid, and evaporate until 
almost dr-y again (Notes 2 and 3). Add 50 ml. of the HCl-HF solution and warm 
gently to obtain a clear solution. Adjust the column to the proper acid condition 
by transferring 75 ml. of the HCl-HF solution to the column in small increments 
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(5 to 10 ml.) and-drain the acid to 1 cm.,above the resin bed. Discard the l1quid 
which runs through. .Place a. clean 600-ml. polyethylene beaker under the 'COlumn. 

Cool the sample and trans-fer to the column in small 1ncrements (5 to 
10 ml.). Wash the platinum dish 4 to 5 times with 5-ml. portions of the HCl-HF 
solution, transferring the washings to the column. Wash down the sides of the 
column several times us1ng approximately 25 ml. of the HCl-HF solution. Drain to 
one ml. above the resin bed, collecting the eluate in the 600-ml. polyethylene 
beaker. 

Keep the same beaker under the column and add 300 ml. of the HF-HCl solu
tion at a flow rate of 100 to l25.ml. per hour. Allow the solution to drain to the 
top of the resin. The solution in the beaker contains the titanium and zirconium. 

Clean up the column for the next sample by flowing 450 ml. of the niobium
tantalum eluant through the column at the same flow rate to remove the niobium and 
tantalum (Note 4). 

Add 10 ml. of H2so4 (1:1) to the so~ution containing the titanium and 
zirconium in the polyethylene beaker. Transfer the solution to a platinum dish and 
evaporate down to strong fumes of sulfuric acid. Any organic present is destroyed 
by dropwise addition of HN0

3 
and by evaporation to strong fumes of sulfuric acid 

again. Cool, add 20 ml. of water, and mix well. Transfer the solution into a 
100-ml. volumetric flask containing 50 ml. of HCl. Cool and dilute to volume with 
water. 

To determine titanium, transfer an aliquot (up to 25 ml.) to a 125-ml. 
separatory funnel and proceed as outlined under Preparation of Titanium Calibration 
Graph. Measure the absorbance and determine the concentration of t1tanium by 
referenc'e to the calibrat1on graph. 

To determine zirconium, transfer a 50-ml. aliquot to a 150-ml. beaker and 
evaporate to fumes of ~S04, Cool, add 50 ml. of water, 5 ml. of H2o2 (30%) and 
about 10 ml. of an aluminum chloride solution (1 g./liter), and make just ammoniacal 
to pH paper. Heat this solution to boiling and filter through a 9-cm. Whatman No. 40 
or equivalent filter paper, washing 10 times with hot NH4Cl solution (20 g./liter) 
containing 5 ml. of H202 (30%) per 100 ml. of solution. Place the paper back in 
the beaker, add 50 ml. of HN03, 3 ml. of HCl04, and 2 ml. of H2S04 (1:1). Evaporate 
to fumes of HCl04, cool, wash down the cover and beaker with water, and add 1 ml. of 
formic acid. Evaporate almost to dryness on the hot plate. (Less than 0.5 ml. of 
H2S04 remains.) Cool, add 2 ml. of HCl solution (1:1) and 5 to 10 ml. of water, 
heat to dissolve salts, and cool. Transfer the solution to a 25-ml. volumetric 
flask and proceed as outlined under Preparation of Zirconium Calibration Graph, 
beginning with "Add two rnl. of gelatin solution .••• " Measure the absorbance and 
determine the concentration of zirconium by reference to the calibration graph. 

NOTES 

1. This solution should be prepared with care. If the solution is too 
acid, tantalum will not be completely eluted in the volume specified. If the eluant 
is too alkaline, tantalum will precipitate in the column spoiling the determination 
being run and the one to follow. 
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2. If acid,-i_PE?.oluble zirconium, pr.obably Zr02, is suspected of being 
present, the solution is evaporated to dryness at th~? point and the residue fused 
with potassium pyrosulfate. The melt is then dissolved in the HCl-HF mixture and 
the rest of the procedure is followed as outlined. 

3, It is necessary that all traces of nitric acid are removed before 
passing the solution through the column. Formic acid decomposes the nitric acid, 

4. Periodically the column must be repacked because of changes in the 
physical form of the column. Channeling occurs after frequent use and niobium 
begins ~o appe~r in the eluate. When this occurs, the resin should be removed from 
the column, reslurried, and returned to the column. 

REFERENCE 

Young, J. P., and White, J, C., "Extraction of Titanium Thiocyanate with 
Tri-n-Qctylphosphine Oxide," Anal. Chern. _3l, 393 (1959). 
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APPENDIX II - EMISSION SPECTROGRAPHIC Mh~HODS FOR TRACE ELEMENTS IN NIOBIUM METAL 

SCOPE 

DEI'ERMINATION OF ALUMINUM IN NIOBIUM MEI'AL OR OXIDE 
(EMISSION SPECTROGRAPHIC METHOD) 

T)J.1s procedure 1s designed for the determination of 3 to 100 p.p.m. of 
alliilllnum 1n niobium metal or,oxide. 

PRINCIPLE OF METHOD 

The ox1de sample 1s m1xed with graph1te an_d analyzed using an AC arc, 
double cap mix technique. 

APPARATUS 

Any commercial spectrograph w1th a dispers1on of 6A/mm. and a direct
current excitat1on source 1s bel1eved su1table for the determinat1on. Th1s pro
cedure refers to the equ1pment l1sted below. 

Spectrograph1c Apparatus 

3-meter grating spectrograph 
Source un1t 
Dens1tometer 
Boron carb1de mortar 
Pellet1ng press with l/8-inch die 

SPECIAL MATERIALS 

Ba1rd Model AD-i 
Ba1rd Model AX-3 
Baud Model CD 

Alum1num ml. - Prepare a 
standard D1ssolve 0.500 g. of hlgh-
purity alum1:num metal us1ng a m1xture of' one part HCl, one part HN0 3 , and four parts 
water, and d1lute to 500 ml. Before use, dilute one ml. of thlf> m1xture to 50 ml. 
us1ng hlgh-punty redlSt1lled water to make the 0.02 mg./ml. solution. 

PROCEDUHE 

A. PREPARATION OF THE S/'.J>1PLE 

Place the finely-div1ded metal in a plat1num or sil1ca flat dish, and heat 
in a muffle furnace for one hour at 700 to 800°C. Select a portion of the converted 
ox1de and gr1nd 1n a large boron CCJrb1de mortar to obta1n a representat1ve sample. 
Because of the abrasive qua.l1t1es of Nb205 and the cr1t1cal nature of the alum1num 
determ1nat1on, all samples and standards are hand-ground, although power-driven 
fac1l1t1es ex1st. 

Grind· equal weights (70 mg.) of representative oxide and SP-1 graph1 te 
pelleting powder 1n a small boron carb1de mortar. H1gh-pur1ty 1/8-lnch spectroscop1c 
graph1te rod 1s notched w1th a-sharp kn1fe and broken 1nto 3/16-inch lengths.* A 
scoopful of the ox1de-graph1te mix (about 18 m1ll1grams) 1s pelleted on the rough 
fractured end of the graph1te rod. The capped electrode is inserted in the end of 

*Actually 3/8-1nch cut lengths are broken 1n half. 
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a length of l/4-inch dlameter graphite rod containing a sllghtly tapered l/8-lnch 
diameter hole. 

For each arcing, two vertically opposed pellets are used. In allgning 
the electrode gap, prOVlSlOn is made for the cap mlx to expand after the arc is 
started. A 3-mm. starting gap results ln about a 2-mm. gap. 

B. PREPARATION OF STANDARDS 

A suitable source of low-al~~lnum Nb 2o
5 

lS salted uslng the alumlnum 
standard solution. A 100-p.p.m. standard lS prepared as follows. Two grams of 
oxide are placed ln a small platlnum fuslon cruclble and 0.2 ml. of one mg./ml. 
alUffilnum standard solutlon are plpetted onto the Nb 2o

5
, care being taken to avoid 

wetting the Sldes of the platinum crucible. After the contents of the crucible 
have been drled on a sand bath or asbestos-covered hot plate, the crucible lS heated 
ln a muffle furnace for one-half hour at 800°C, The contents are then hand-ground 
in a large boron carbide mortar uslng a preliminary wet grind with acetone. 

Standards of lower alumlnum content are prepared by dilutlon of the .100-
p.p.m. standard with Nb205. For example, 3 parts of Nb205 are dry-ground with one 
part of 100-p.p.m. standard to make the 25-p.p.m. standara. Alternately standards 
are also prepared by salting batches of Nb2o5 Wlth the 0.02 mg./ml. standard solution. 

When the working curves are plotted, a correction is made for the residual 
alumlnum content using the method of straight line approxlmatlon. 

SPECTROGRAPHIC CONDITIONS 

Spectrograph 

Settlng 
Sht 
Lens 
Grating 
Sector 

Excitatlon 

Analytical gap 

Upper electrode 

Lower electrode 

Exposure 

EmulSlOn 

Development 

Calibratlon 

Baird 3-meter 

Flrst order 2600 to 4100 ~ 
25 micron 
25-cm. focused on the grating 
10-mm. exposure 
Three step 1:2 ratlo 

P,C arc, 2700 volts and 4. 5 amperes 

2-mm. whlle arclng 

Cap mix electrode 

Cap mlX electrode 

25 seconds, no preburn 

Spectrum Analysls #l 

3 minutes ln D-19 at 70°F. ~ 1° 
0 

"Two Iron Llne" method for 2500 to 3200 A region. Step 
0 

sector method for 3900 to 4000 A reglon. 
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lt. Polyethylene Water - L!OO-, 600-, and 1000-ml. beakers and bottles 

for preparlng and dispensing acid mlxtures. 

R~GENI'S 

Hydrochlonc-hydrofluoric Acld Solutlon - Add 250 ml. of HCl to 300 ml. 
of water, add 200 ml. of HF, and dilute to one liter Wlth water. 

Standard Ammonium Chloride Solution - Dlssolve 240 g. of NH4Cl in 800 ml. 

of water and dilute to one liter with water. 

Titanium1 Tin, Vanadium, and Zirconium Eluant - To 300 ml. of the ammonium 

chloride solution, add 200 ml. of HF and 125 ml. of HCl, and dilute to one liter with 

water. 

Nioblum and Tantalum Eluant - To 600 ml. of the ammonium chloride solutlon, 

add 4o ml. of HF. Adjust the pH to 5.5 to 6.5 with NHl+OH. (Approxlmately 80 to 85 ml. 

will be required). Dilute to one llter Wlth water (Note 1). 

SPECTROORAPHIC APPARATUS 

Any commercial spectrograph with a dispersion of 6 A./mm. and a dlrect

current excltatlon source is believed suitable for thls determlnation. This procedure 

refers to theequipment listed below. 

Spectrographlc Apparatus 

3-meter grating spectrograph 
Source unit 
Densltometer 
Boron carblde hand mortar 

SPECIAL MATERIALS FOR SPECTROGHAPHIC ANALYSIS 

Balrd Model AD-1 
Baird Model AK-3 
B:nrd Model CB 

Graphite Containing 1% Geo2 and 0.25% PdCl2 - Prepare by dry-grinding l~ 
a mechanical mortar a mlxture of 900 mg. of high-purity SP-1 briquetting graphite 

and 100 mg. of PdCl2'?H20 (Fisher Scientific). In the same manner, prepare a 
10% Ge02 in graphite mixture. Dilute these and blend succeeding mixtures with 

graphite to make a concentration of 1% Ge02 and 0.25% PdCl2· At no time is a 
greater dilution than 1:9 employed. 

PREPARATION OF EMISSION SPECTROGRAPHIC STANDARBS 

Standards are prepared by dry-grlndlng OXldes of the-elements Wlth sult
ably pure tantalum oxide. Often two or more sets of standards containlng the same 

but different combinatlons of other elements are avallable for cross checklng. 

Where chemlcal concentratlon techl}iques are employed, addltlonal standards are 

prepared uslng Slmilar chemical procedures. For example, oxides may be prepared 

from cupferron precipltates of salted solutlons or may be derlved from salted 
solutlons carrled through the entire concentratlon operatlon. 
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~ 
~~: PROCEDURE 

'"'' A. PREPARATION OF SAMPLE 
~i· 
,)·, Place the finely d1vided metal 1n a plat1num or s1l1ca flat dish and heat f~~ 1n a muffle furnace for one hour at 700 to 800°C. Select a port1on of the converted ~~::: ox1de and grind 1n the agate mortar to ob.ta1n a representat1ve sample. Nb205 samples of 
ft:· me,'Ilicalongin are also preground to obta1n a rep:resentat1ve sample. Two-hundred mg. ~-;· of the repy-esent.at.1 ve sample are then ground Wl t.h 30 mg. of gall1um oxide containing ~1· 1'/c As2o3 . Generally the small amount of galllum ox1de lS 1nitially mlXed with the f Nb205 by hand 1n the mechan1cal mortar and then the power 1s -~urned on. The sample 
~l lS ground for 15 to 20 minutes w1th freq1.Jent_ sc-r~pH}g·,-doV{Il of the s1des and pestle. 
~0':;, f:!._ flne part1cle s1ze lS des1r_able for: good prec1s1on aqd also to obta1n s1milar1ty ~~:~· betw~en coarse oxides obta1ned .directly :(rom:meta) -and f!ine -oxides of chem1cal 
~~;,· or1g1n. 

~~· F1fty mg. of the n1ob1um OXlde-gallium oxide mixture are we1ghed into a 
~f- Natlonal electrode Type L4024. The mixture is loaded in three additions. A weigh
~~' ing glass w1th a 1/8-inch hole in the ceqter or similarly shaped piece of metal con·Jt'. taining -a small hole in one end 1s helpful in loading the electrode. After each 
~:?· e.dd1 tion the electrode 1s held with forceps and tapped fnmly and forc1bly against ~~~- the table top to ensure dense pack1ng 1nside the electrode. The tapping operation 
~-: cannot be overdone and should last for 30 seconds or more. When loaded, the elec-lt..,./ 
~~~f· t.rode 1s inverted and the packed charge remains f1rmly 1n place. (.A small speck 
~fo·· of coarse grain 1s d1sregarded; also the a1r vent hole employed by some workers on 
~t' U308 is not used.) Duplicate samples are normally employed 1n the analyslS. 
t?~~t 
If< 3. PREPARATION OF ST./I.ND.ARDS 
~:::-

1~ A su1table source of low-boron Nb205 1s salted using the boron standard tf'. solution. A 10-p.p,m, standard lS prepared as follows: 2 grams of ox1de are 
~~t·, placed in a small platinum fusion crucible and 0.1 ml, of 0,2 mg./ml. boron standard ~?;· solution is added to the oxide without wetting the sides of the d1sh. The platlnum 
~:; d1sh lG gently dr1ed on a sand bath or drying oven and then placed in a muffle fur
~i;; nace for one hour at 600°C. After cool1ng, the o;_1de 1s thoroughly ground and 
~~: standards of lower boron content are prepared by d1lution of the 10-p. p.m. standard f,( ·,nth low-boron Nb205. /\1 ternately other standards may also be prepared by the addltf t.lon of su1 table boron standard sol.ut1ons .. 

f}.~:- When the work1ng cuxves are plotted, a correction is made for the res1dual 
f~:; ooron content us1ng the method of stra1ght l1ne approx1mat1on. 

~( ~-PECTHOGRJ\PHIC CONDITIONS 
r1.·. 
t~~:-~· 
~1il_ . 

~~·-: 

~~:-· 
f; 
!;.::· 
r r-
f-
&' 
~~ 
I'. t: . ,. 
I,-, 

ii' ... 
~,:£ 
~!. ,. 
r t ~ 

E(: 

Spectrograph 

Setting 
Slit 
Lens 
Grating 
Sector 

Exc1tat1on 

Ba1rd 3-meter 

F1rst order (2200 
25 micron 
25-cm. lens focused 
30-mm. exposure 
Seven step 1·2 rat1o 

3700 A.) 

on the grating 

10-1/2 amperes direct-current dur1ng smooth 
part of burn 
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Analyt1cal Gap 

Upper Electrode 

Lower Electrode 

Exposure 

Emuls1on 

Development 

Cal1brat1on 

L1nes Used 

l/8-mch hlgh-punty graph1te w1th tlp 
sharpened to a 90-degree 1ncluded angle 

National 14024 and 14042 pedestal. The electrode 
1s loaded as descr1bed under Sample Preparation 
The s~ple 1s the posit1ve 1n the electrode 
c1rcu1t. 

Nom1nal exposure lS 5 seconds preburn, 45 seconds 
exposure. Th1s 1s performed manually for the 
start of the smooth or d1st1llat1on burn occurs 
from 5 to 20 seconds after the start of the arc. 
Th1rty seconds of smooth burn 1s des1red and total 
exposure t1me may be 1ncreased for the occas1onal 
slow start 

Spectrum Analys1s #l 

"Tvro 1ron l1ne" method 

B 2497.7. Background taken on h1gh wave length 
s1de. Reading normally taken oq the th1rd step 
of the sectored spectrum. 

As 2492.9. No background correct1on. Read1ngs 
taken on the fourth step 

. _ The carr1er d1Stl-llat1on techn1que mnng gall1um ox1de does not work as 
,' .',;el_J. on N1:?205 as 1 t does Wl th Ta205 and U308 The use of arsen1c as an 1nternal 

.:;tandard 1s helpful and works well most of the t1me. Occas1ona11y, for reasons 
; unknown, the arsenic Wlll not show lll the spe__ctrum or •nll be very weak. In such 

Cfises 1t 1s necessary to caJ.culate the results us1ng an assumed value for the 
_; dens1ty of the arsen1c l1ne based on the average dens1ty of the l1ne 1n the 

standards and other samples for that pa~t1cular plate. 
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DETERMINATION OF CALCIUM .A.ND MAGNESIUM IN NIOBIUM METAL OR OXIDE 
(!~MISSION SPECTROGR.A.PHIC METHOD) 

SCOPE 

This procedure 1s designed for the determ1nat1on of from 0 003 to 0.1% MgO 
or CaO 1n Nb2o5. 

PRINCIPLE OF METHOD 

The oxide sample 1s .. lTJ.lXed Wl th graph1 te and analyzed using a hlgh-vol tage 
AC spark and a cap mix techn1que. 

APPARATUS 

Any commercial spectrograph w1th a d1spers1on of 6A/mm. and a direct-current 
excitat1on source is bel1eved su1table for.the deterlT).ination. Th1s procedure refers 
to the equ1pment l1sted below. 

Spectrograph1c Apparatus 

PROCEDURE 

3-meter grat1ng spectrograph 
Source un1t 
Dens1tometer 
Boron carb1de mortar 
Pellet1ng press w1th l/8-inch d1e 

A. PREPARATION OF THE SAMPLE 

Ba1rd Model AD-1 
Baird Model AK-3 
Ba1rd Model CD 

Place the finely-divided metal in a platinum or silica flat dish, and heat 
in a muffle furnace for one hour at 700 to 800°C. Select a portion of the converted 
oxide and grind in a large boron carb1de mortar to obtain a representative sample. 
Samples of Nb205 of chem1cal origin should\also be ground to ensure a representat1ve 
sample. 

Gnnd equal weights (70 mg.) of representat1 ve oxide and SP-1 graph1 te 
pelleting powder 1n a small boron carbide mortar. High-pur1ty l/8-inch spectroscopic 
graphite rod is notched w1th a sharp knife and broken 1nto 3/16-inch lengths.* A 
scoopful of the oxide-graphite mix (about 18 milligrams) 1s pelleted on the rough 
fractured end of the graphite rod. The capped electrode 1s 1nserted in the end of 
a length of l/4-lnch diameter graph1te rod conta1ning a slightly tapered 1j8-1nch 
diameter hole. 

A l/2-inch length of high-purity l/8-inch diameter rod with a flat end lS 
inserted in a piece of l/4-inch rod and used as the counter electrode. 

*Actually 3/8-inch cut lengths are broken in half. 
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PREPARATION OF STANDARDS 

Wlth 
Su1table ox1des of low calc1um and magnes1um content are dry-ground pure CaO and MgO. Alternately standards may also be prepared by salting with appropriate calcium and magnesium standard solutions. A boron carb1de mortar 1s used for the dry-grinding operation. 

.:;f· SPECTROGRAPHIC ·CONDITIONS .;:~ 

Spectrograph 

Setting 
Slit 
Lens 
Sector 
Grat1ng 

Excitation 

Upper electrode 

Lower electrode 

Exposure 

Development 

Calibrat1on 

L1ne pairs used 

Ba1rd 3-meter 

0 
F~rst order 2600 to 4100 A 
25-mcron 
25-cm. focused on grating 
3 step 1:2 ratio 
10-mm. exposure 

AC spark, 40-kilovolt setting, 0,00125 ~F capacitance, 
6 mH added inductance, 360 mH in parallel; 4 RF amperes, 3-ampere primary current. 10 to 12 breaks per half cycle. 

lj8-1nch d1ameter, h1gh-pur1ty graphite w1th flat end 

Cap mx electrode 

5-second preburn, 10-second exposure 

0 "Two Iron Line" method for 2500 to 3200 A reg1on. Step sector method for 3900 to 4000 A region. 

For Nb205: Mg 272~ Steps 1 and 2 
Nb 281 .67 Step 2 

Ca 3233 Steps 1 and 2 
Nb 3952.3 Step 2 

Ca 3268 Steps 1 and 2 
Nb 3952.3 Step 2 
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SCOPE 

DETERMINATION OF TRACE ELEMENTS IN NIOBIUM METAL OR OXIDE 
(ALUMINUM1 LITHIU]\11 SILICON) TIN 1 TrrANIUM1 AND ZIRCONIUM) 

(DIREC'r EMISSION SPECTROGRAPHIC MEI'HOD) 

Th1s procedure lS des1gned for the direct determ1nat1on of the elements 
l1sted below 1n n1ob1um metal or oxide. Jl.dd1t1onal elements may be determ1ned by 
~he same procedure w1th the except1on of strong carb1de formers such as tungsten 
and molybdenum. Chem1cal concentrat1on techn1ques such as 1on exchange must be 
used. 1.n con~unct1.on -w1.th this m.ethod. fen:: the d.ete-r-m.1.no.t1.on of 1..o'<leT ~~:m.~en.\.Ta\.ilCSn:s 
of t1n, t1tanium, and z1rcon1um. 

Elements Beterm1ned 

Element Range lll Per Cent 

S1l1con 0.0002* 0.1 
Alum1num** 0,003 0.1 
T1n 0,003 0.1 
Tl tanium 0.002 0,1 
Zlrcom.um 0,007 0,1 
L1th1um 0.0003 0.003 

*Mod1ficat1on descr1bed 1n procedure for silicon below 0.005%. 
**Refer to method for low concentrat1ons of aluminum (3 to 100 p.p.m.) 

1n n1ob1um metal and ox1de. 

?RINCIPLE OF METHOD 

N1obium metal lS converted to oxide 1n a muffle furnace and the graphlte
oxlde mixture excited 1n a d1rect-current arc. 

A.PPARATUS 

Any cornmerc1al spectrograph w1th a d1spers1on of' 6 A./rnm. and a dlrect
·:!Urr'Emt exci tat1on source ·lS bel1eved su1 table for th1s determnat1on. Thls wr1 te
up refers to the equipment l1sted below. 

Spectrograph1c Apparatus 

3-meter grat1ng spectrograph 
Source unit 
Densitometer 
Boron carbide mechan1cal mortar· 
Boron carb1de hand mortar 

SPECIAL MATERIALS 

Ba1rd Model AD-1 
Baird Model AK-3 
Baud Model CB 

Graphite Conta1ning 1% Ge02 and 0.25% PdCl
2 

- Prepare by dry-grinding 1n 
a mechanical mortar a mixture of 900 mg. of high-pur1ty SP-1 briquetting graphite 
and 100 mg. of PdCl2'2H20 (F1sher Sc1entific). In the same manner, prepare a 
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lO% Ge02 1n graphite m1xture. D1lute these and blend succeed1ng m1xtures w1th graph1te to make a concentrat1on of l% Ge02 and 0 25% PdCl 2 . At no t1me 1s a greater d1lut1on than 1:9 employed. 

PROCEDURE 

PREPARATION OF SAMPLE 

Place finely div1ded'metal in a plat1num or sil1ca dish and heat 1n a muffle furnace for one hour at 700°C With coarse material, the use of oxygen during the furnace treatment 1s often helpful. The converted ox1de should be ground 1n a boron carb1de mortar or other dev1ce to ensure a representative sample, Because of the abras1ve qualities of n1ob1um ox1de, careful select1on of the gr1nd-1ng dev1ce and its operation is requu·ed 1n order to minimize contamination. Ox1de samples of chem1cal or1gin should also be ground to ensure a representative sample. 

Select a port1on of the ground ox1de and mix w1th one part by we1ght of graph1te contain1ng 1% Ge02 and 0.25% PdCl 2 1n a small hand boron carb1de mortar rhe electrodes are loaded With the graphite mlX and the upper surface scraped flush with the blade edge of the spatula. The sample is excited under the cond1t1ons described. 
For the determ1nat1on of s1licon 1n niob1um of the highest pur1ty 

(<50 p.p.m. of s1licon), the graph1te containing 1% Ge02 ang 0.25% PdCl2 is om1tted 
~d plain graph1te only used. This is because of the diff1culty of preparing the 1nternal standard m1xture absolutely free of s1l1con. Also, for the l1th1um determinat1on, only plain graph1te is used. ~t1;:: 

i~f Samples for the l1thium determ1nat1on are prepared by a d1fferent method. ~[j One gram of niob1um metal 1s dissolved 1n hydrofluor1c and n1tr1c acids. When all ~; the metal is d1ssolved, sulfuric ac1d 1s added and the solution brought to fumes. 
~"'if·· As much of the sulfuric ac1d as possible 1s evaporated on the hot plate before l~;; plac1ng 1n a muffle The temperature 1s gradually ra1sed to 700 to 800°C. and i~},i baked for one -half hour. Afterward 1 t 1s cooled, ground, and m1xed w1 th graphite i: as previously descr1bed. 

W"''· B. PREPARATION OF STANDARDS , 
t~ 
r.~
~;~~ 

Standards are prepared by dry-grinding oxides of the elements with su1tably pure niob1um ox1de. Often two or more sets of standards containing the same, but different comb1nat1ons of other elements are ava1lable for cross checking Alternately, standards for selected elements may be prepared by using chemical preC1pltation techn1ques These may consist of oxide made from ammonia or cupferron prec1pitates of salted solut1o~s ~ 
{~: Except for l1th1um, there was no d1fference detected between chemlcally-~~l prepared oxides and those prepared by air oxidation of the metal. 
ct/~ 

1
:·::-. Standards for 11 thium were prepared by add1ng appropr1ate amounts of t;·: lith1um standard solution (prepared by dissolv1ng l1th1um carbonate in d1lute 
~ n1tric acid) to a HF-HN03 solution of lithium-free n1obium metal as descr1bed 

~'.- under Preparation of Samples. f: . 
t\:·· 
fer 
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SPECTROGRAPHIC CONDITIONS 

(All elements except lith~um) 

Spectrograph 

Sett~ng 

Slit 
Lens 
Grat~ng 

Sector 

Exc~tat~on 

Analytical gap 

Upper electrode 

Lower electrode 

Exposure 

Development 

Emulsion 

Calibrat~on 

Line pa~rs used 

Ba~rd 3-meter 

F~rst order (2200 to 3700 A) 
25 micron 
25-cm. focused on grat~ng 
3-mm. exposed, increase to 5 mm. for trace silicon 
determination 
Two-step sector adjusted for full and 1/4 exposure 

10-1/2 amperes, d~rect-current, sample pos~tive 

4 mm. 

1/8-~nch high-purity graphite w~th the tip sharpened 
to a 90-degree ~nciuded angle 

1/32" wall 

r 
3/4" 

r- -, 1 I I 
I I 

I I 
---'---

Thlrty seconds, no preburn 

Spectrum Analys~s #1 

"Two Iron Llne" method 

Elements in Nb22.5 

Sllicon· s~ 2528 Full sector, BG* high Slde 
Ge 2533.3 1/4 sector 

Si 2228 1/4 sector 
Ge 2533.3 1/4 sector 

Si 2216** Full sector, BG hlgh side 
D = 50 

S:J: 2228** Ful'l sector, BG ,high side 
D = 50 

*This means background correction taken on higher wave length side of l~ne. 
**Used for very low silicon determination. 
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Llne pairs used 
(cont.) 

Aluminum· 

Tin: 

T~tan:tum. 

Zlrconium· 

Al 3082 
Pd 3258 

Sn 3175 
Ge 2533 

Sn 2429 
Ge 2533 

Tl 3078 
Pd 3258 

Tl 3078 
Pd 3258 

Tl 3106.234 
Pd 3258 

Zr 3391.8 
Pd 3258 

Full sector, BG h1gh s1de 

Full sector, BG low Slde 
1/4 sector 

Full sector, BG hlgh Slde 
1/4 sector 

Full sector, BG high Slde 
l/4 sector 

1/4 sector 
1/4 sector 

1/1+ sector 
l/4 sector 

Full sector, BG low Slde 
1/4 sector 

CONDITIONS FOR LITHIUM 

Spectrograph 

Settlng 
Sllt 
Lens 
Sector 
Gratlng 

Excltation 

Analytical gap 

Baird 3-meter 

First order (5300 
50 micron 
25-cm. focused on 
3-step, 1:2 ratlO 
30-mm. exposed 

0 

to 6800 A) 

gratlng 

6 amperes, dlrect-current, sample posltive 

4 mm. 

Upper and lower electrode: Same as regular method 

Exposure 

Emulsion 

Development 

Calibration 

Line pairs used 

Twenty seconds, no preburn 

Eastman Kodak, IN 

3 mlnutes in D-19 at ;70.°F. + 1 o 

0 
Step sector at 6000 A. 

L:t 6707.-8 
Background 

The llthlum line lS dens:ttometered :tn the second step 
of the three-step spectra. The background :ts read on 
the same step on the 'hlgher wave length side of the 
line. The ratlo of the net lntensity of the lithium 
llne corrected for background to the lntenslty of the 
background is plotted versus concentratlon. 
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DETERMINATION OF ZIRCONIUM, 'l'ITANIUM, VANAD::J:UM, AND TIN IN NIOBIUM 
(ION EXCHANGE SEPARATION-EMISSION SPECTROGRAPHIC METHOD) 

SCOPE 

Th1s procedure 1s des1gned for the deter1n1nat1on of z1rcon1UJn, t1tan1um, 
vanad1UJn, and t1n 1n the range of 0.5 to 20 p.p.m. 

PRINCIPLE OF METHOD 

The z1rcon1um, t1tan1um, vanad1um, and t1n are separated from n1ob1um on 
an 1on exchange column conta1n1ng Dowex 1 res1n. The ox1des are prec1p1tated Wlth 
cupferron us1ng h1gh-pur1ty tantalum as a carr1er. They are then determ1ned em1Ss1on 
spectrograph1cally by exc1tat1on 1n a d1rect-current arc. Tungsten and molybdenum 
cannot be determ1ned by th1s method. 

CONCENTRATION RANGE 

The follow1ng elements collected 1n a tantalum ox1de matr1x have the sen
SltlVlty as l1sted. However, s1nce a 5.0-gram sample of n1ob1um 1s taken and the 
elements concentrated 1nto 0.1 graJll of Ta205 for the spectrographlc determ1nat1on, 
the sens1t1v1ty lS actually 1/50 of that tabulated. 

SPECIAL APPARATUS 

Element 

T1n 
T1tanium 
Vanad1um 
Z1rconulm 

Range (%) 1n Ta2Q5 MatrlX 

0.002 - 0.1 
0.002 - 1.0 
0.002 0.1 
0.002- 0.5 

1 The columns are constructed of polystyrene and are approx1mately 18 
1nches long and one 1nch I.D. The bottom of the tube lS closed by a waxed No. 5 
rubber stopper with a 3/16-lnch hole. A 6-1nch length of polystyrene tub1ng with 
a 3/16-lnch O.D. lS 1nserted 1n the hole. A 3-1nch length of Tygon tubing lS 
attached and the flow controlled by a hose cock on the Tygon tub1ng. 

2. The resin lS Dowex 1, 200 to 4oo mesh, 8 to 10% diVlnylbenzene cross
linkage. Prepare a suspension of the resin 1n d1lute HCl (1:19). Allow the coarser 
fract1on to settle 10 to 15 m1nutes and remove the f1nes by decantat1on. Repeat the 
process about 7 to 8 times unt1l most of the f1ne mater1al 1s removed from the sus
penslon. 

3· The bottom of the 1on exchange lS covered w1th a 1/4- to 3/8-lnch layer 
of ac1d-res1stant v1nyl chlor1de plastic wool (Dynel). Add the suspens1on of res1n 
in one add1t1on. Sufflcient res1n should be present to form a settled column 12 
1nches high. The loaded column should be run through several cycles of alternate 
elut1on w1th HCl (3 1) and HCl (1 9) to remove the f1nes. The column lS then washed 
w1th HCl (1:3) and lS ready for use. At no t1me should the column be allowed to run 
dry. The flow rate should be about 100 to 125 ml. per hour 
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4. Polyethylene Water - 4oo-, 600-, and 1000-ml. beakers and bottles for preparing and d1spens1ng ac1d m1xtures. 

REAGENTS 

Hydrochlor1c-hydrofluor1c Ac1d Solut1on - Add 250 ml. of HCl to 300 ml. of water, add 200 ml. of HF, and dilute to one l1ter w1th water. 

Standard Ammonium Chloride Solut1on - D1ssolve 240 g. of NH4Cl 1n 800 ml. of water and d1lute to one l1ter with water. 

Titanium, T1n, Vanadium, and Z1rcon1um Eluant - To 300 ml. of the ammon1um chloride solution, add 200 ml. of.HF-and 125 ml. of HCl, and dilute to one l1ter w1th ,~ water. 
r 

NioQl·um and Tantalum Eluant - To 600 ml. of the ammon1um chloride solut1on, add 4o ml. of HF. Adjust the pH to 5.5 to 6 5 w1th NH40H. (Approx1mately 80 to 85 ml. ·will be required). Dilute to one l1ter w1th water (Note 1). 

SPECTROGRAPHIC APPARATUS 

Any commercial spectrograph Wlth a dispers1on of 6 A./mm. and a dlrectcurrent excitation source lS bel1eved suitable for th1s determ1nat1on This procedure refers to theequ1pment l1sted below. 

Spectrograph1c Apparatus 

3-meter grating spectrograph 
Source un1t 
Dens1tometer 
Boron carb1de hand mortar 

SPECIAL MATERIALS FOR SPECTROGRAPHIC ANALYSIS 

Ba1_r~ Model AD-1 
Baird Model AK-3 
Ba1rd Model CB 

Graphite Containing 1% Ge02 and 0.25% PdCl2 - Prepare by dry-grinding 1n a mechanical mortar a mixture of 900 mg. of high-purity SP-1 briquetting graphite and 100 mg. of PdCl2·2H20 (Fisher Sc1entific). In the same manner, prepare a 10% Ge02 in graphite mixture. Dilute these and blend succeeding mixtures with graphite to make a concentration of 1% Ge02 and 0.25% PdCl2. At no time is a greater dilution than 1:9 employed. 

PREPARATION OF EMISSION SPECTROGRAPHIC STANDARDS 

Standards are prepared by dry-gr1nd1ng ox1des of the elements w1th sultably pure tantalum ox1de Often two or more sets of standards conta1n1ng the same but d1fferent comb1nat1ons of other ele~ents are ava1lable for cross check1ng. Where chem1cal concentrat1on techn1ques are employed, add1t1onal standards are prepared us1ng s1m1lar chemical procedures. For example, oxides may be prepared from cupferron precip1tates of salted solut1ons or may be der1ved from salted solut1ons carr1ed through the ent1re concentrat1on operat1on. 
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It lS deslrable to prepare standards as per cent element ln the oxlde. 
Thus, lf the residual elements ln a 5-gram sample of n1oblum metal are collected 
ln a Ta205 preclpitate of 0.1 gram, the orlglnal concentratlon lS 1/50 of that ln the preclpltate, and results read from the worklng curves are multlplled by this 
fract1on. 

SPECTROGRAPHIC CONDITIONS 

Spectrograph 

Settlng 
Slit 
Lens 
Gratlng 
Sector 

Exntation 

Analytical gap 

Upper electrode 

lower electrode 

:&nrd 3-meter 

Flrst order (2200 to 3700 A) 
25-m1cron 
25-cm. focused on gratlng 
3-mm. exposed 
2 step sector adJusted for full and 1/4 exposure 

10-1/2 amperes, d1rect-current sample positive 

4-mm. 

1/8-lnch hlgh-purlty graph1te w1th the t1p sharpened 
to a 90-degree lncluded angle 

1/32" wall 

t 
3/4" 

1--'---/_'_._\ -! _j_ 
1/4"---1 
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Exposure Th1rty seconds, no preburn 

Development 3 minutes 1n D-19 at 70°F. + 1° 

Emulsion Spectrum Analys1s No. 1 

Calibration "Two iron line" method 

Line pa1rs used 

Sn 3175 Full sector B.G.* low side 
Ge 2533 1/4 sector 

Sn, 3009 Full sector B G. low side 
Ge 2533 1/4 sec-tor 

Tl. 3239.0 Full sector B.G. high side 
Pd 3258 1/4 sector 

Tl. 3078.6 Full sector B.G. h1gh side 
Pd 3258 1/4 sector 

Tl. 2202.5 Full sector B.G. h1gh side 
Pd 3258 1/4 sector 

Tl. 2202.5 1/4 sector 
Pd 3258 1/4 sector 

Zr 2291.9 Full sector B.Q. high s1.de 
Pd 3258 1/4 sector 

v 3183.9 Full sector B.G. low side 
Pd 3258 1/4 sector 

v .2183.4 Full sector B.G. low s1.de 
Pd 3258 1/4 sector 

PROCEDURE 

Transfer 5.00 g. of the sample to a 300-ml. platinum casserole. Add 
25 to 50 ml. of hydrofluor1c ac1d, cover w1th a plat1num or Teflon cover, and add 
n1tr1c ac1.d dropw1se unt1.l the sample 1s d1.ssolved. Evaporate on a steam bath 
unt1.l almost dry. Add 10 ml. of hydrofluor1.c ac1.d, 1 ml. of form1.c acid, and 
evaporate again unt1l almost dry (Note 2). Add 100 ml. of the hydrofluorlc
hydrochloric ac1.d solut1.on and warm gently to obta1.n a clear solut1.on. 

*This means that the background reading 1.s taken on lower wave length s1.de of 
the tin l1.ne. 
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Transfer 50 ml. of the hydrochlor1c-hydrofluor1c ac1d solut1on to the 
column in small increments (5 to 10 ml.) and drain the ac1d to 1 em. above the 
res1n bed. Place a 600-ml. polyethylene beak~r under the column. 

Cool the sample and transfer to the column in small 1ncrements (5 to 
10 ml. ). Wash the plat1num d1sh 4 to 5 t1mes w1th 5-ml. port1ons of the hydro
chloric-hydrofluorlc solut1on, transferr1ng the wash1ngs to the column. Wash down 
the s1des of the column several t1mes us1ng approxDnately 50 ml. of the hydrochlor1c 
ac1d-hydrofluor1c ac1d solut1on. Dra1n to 1 ml. above the res1n bed and catch the 
eluate 1n the 600-ml. polyethylene beaker. 

Keep the same beaker under the column and add 300 ml. of the t1tan1um 
eluant at a flow rate of 100 to 125 ml. per hour. Allow the solut1on to dra1n to 
the top of the res1n and wash the s1des of the column f1ve t1mes w1th 5-ml. port1ons 
of the n1ob1um eluant, allow1ng the solution to dra1n to the top of the column each 
time. Save for the determ1nat1on of t1tan1um. It conta1ns the t1tan1um, 1ron, 
vanad1um, t1n, z1rcon1um, etc. The column 1s cleaned by the addition of 400 ml. of 
the niob1um-tantalum eluant followed by 50 ml. of HCl (1.3) and 1s then ready for 
the next sample (note 3). 

Transfer 4o g. of bor1c ac1d to a 1500-ml. beaker, add 700 ml. of water, 
and warm to d1ssolve the ac1d. Transfer 0.100 g. of h1gh-purity tantalum metal to 
a 50-ml. platinum d1sh and add 3 ml. of hydrofluor1c ac1d and n1tr1c ac1d dropw1se 
unt1l the metal 1s all 1n solut1on. Evaporate to a low volume. Transfer the tantalum 
solut1on to the eluate reserved 1n the polyethylene beaker. Transfer the eluate to 
the boric ac1d solut1on. Cool to 5°C. and add, Wlth st1rr1ng, 100 to 125 ml. of the 
cupferron solut1on for a complete precip1tat1on. Add paper pulp, stir the solut1on 
and allow the precip1tate to settle for 10 m1nutes. Filter on a BUchner funnel and 
wash w1th about 400 ml. of the cupferron wash solut1on. Transfer to a plat1num 
dish and 1gn1te at a low temperature and then at about 500 to 600°C. unt1l all the 
carbon is burned off Ign1te f1nally at 900°C. for one hour. Cool, place 1n a 
des1ccator and reserve for the determ1nat1on of the elements by emiss1on spectroscopy. 

The 1gn1ted ox1de from the ion-exchange procedure 1s weighed to deterrn1ne 
the concentration factor (orig1nal sample we1ghtjwe1ght of oxide). The ox1de 1s 
then ground 1n a hand boron carb1de mortar to ensure a representat1ve sample. A 
port1on of the ground ox1de is then m1xed with an equal weight of graph1te contaln
lng 1% Ge02 and 0.25% PdCl2 1n a boron carb1de hand mortar. The electrodes are 
loaded with the graphite m1x and the upper surface scraped flush with the blade 
edge of the spatula. The electrode 1s placed 1n the spectrograph and the sample 
exc1ted under the condit1ons described. Calculate the concentrat1on of elements 
present 1n the Ta205 oxide concentrate by reference to the appropriate cal1brat1on 
graph. Deterrn1ne the concentration of elements 1n the or1ginal sample by d1vid1ng 
by the concentrat1on factor. 

NarES 

l. This solution should be prepared w1th care. If the solut1on 1s too 
ac1d, tantalum W1ll not be completely eluted 1n the volume spec1fied. If the 
eluant is too alkal1ne, tantalum w1ll prec1p1tate 1n the column spo1l1ng the 
determ1nat1on be1ng run and the one to follow. 
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2. The n1tr1c ac1d must be removed, otherw1se, the n10b1um w1ll not be 
completely reta1ned on the column. Some of the n1ob1um w1ll end up with the ox1de 
to be analyzed and will interfere with the spectrographlc determinat1on. 

3· Periodically the columns must be repacked because of a change 1n the 
phys1cal form of the column. After several weeks of use, channel1ng occurs and 
niobium begins to pass through 1nto the eluate. When this occurs, the res1n should 
be removed from the column, reslurried, and returned to the column. 
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APPENDIX III - MISCELLANEOUS ANALYTICAL METHODS 

DETERMINATION OF LOW CARBON IN NIOBIUM ME'l'AL 

SCOPE 

This procedure lS sultable for the dete~natlon of carbon ln low amounts 
(p.p.m.) 1n n1ob1um metal. 

PRINCIPLE OF METHOD 

The method 1nvolves combust1on of the sample ln the presence of an accel
erator ln a stream of purifled oxygen. The oxygen contalnlng the carbon diox1de is 
passed through a conductometric apparatus for measurement of the carbon diox1de. 

APPARATUS 

a. Burrell two-tube Globar furnace equipped Wlth two l-1nch (I.D.) x 27-lnch 
McDanel tubes and a platinum, platlnum-rhodlum thermoc:ouple. One tube 1s 
operated with open ends for free access of a1r for preflrlng boats. The 1nlet 
and outlet glass tubes for the oxygen 1n the sample tube are flared to serve 
as radlatlon shields for the rubber stoppers. 

b. Leco Conductometrlc Un1t Model 515 

c. Oxygen pur1f1cat2on system cons2st1ng of copper ox1de furnace operat1ng at 
350°C., Ascarite - magneslum perchlorate tower, surge tank and pressure control 
valve. The surge tank 1s 1ncorporated to ensure a flow of oxygen through the 
tube even at the helght of the burn. 

d. Leco No. 5 boats 

e. Mn02 tower between the furnace and conductometr1c apparatus (Leco or F1sher 
spec1al Mn02) 

REAGENTS 

a. 30-mesh t1n 

b. Bar1um hydroxide solut1on accord1ng to Leco 1nstructions 

PROCEDURE 

a. Ra1se the temperature of the furnace to 1425 to l450°C, (as measured 1n the 
external thermowell) and the conductometr1c apparatus and solut1on to 
temperature . 

b. Prefire a boat 1n the aux1liary tube for at least flve mlnutes. Remove the 
boat and cool (while covered) on a clean metal plate to< 200°C, 

c. Transfer 2.0 g. of the t1n shot to the bodt and 1nsert 1n the hot zone of the 
furnace. (The tln can be measured volumetr1cally with sufflclent accuracy.) 
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d. Start the oxygen flow thro~gh thG furnace ·and'adJust to 325 to 330 ml. per 
mJ.nute and null the co'riductometn-c apparatu~. ThJ.s must be done WJ. thJ.n 30 

seconds after J.nsertJ.on of the sample. 

e. After 10 mJ.nutes, balance the br1dge, record the res1stance, dra1n, and replace 

WJ.th fresh Ba(OH) 2 solut1on. 

f. Repeat steps band c untJ.l a consJ.stent blank 1s obtaJ.ned. 

g. To prepare a calJ.bratJ.on curve, transfer 0.500 g. of a suJ.table standard (0.02 

to 0.07% carbon) to a prefJ.red boat, cover WJ.th 2.0 g. of tJ.n, and repeat steps 

c to e. Repeat unt1l consJ.stent values ·are obtaJ.ned on the standard. Carry out 

tlus proce·du:te WJ. th other standards J.n tlus range or by burmng fractJ.onal 

Welghts of a Slngle standard. 

h. Plot the re9J.stance change of the blank and standards versus per cent carbon on 

linear graph paper. 

l. Transfer 0.500 g. of the sample (1.00 g. for< 0.015% carbon) to a pref1red boat 

and repeat steps c to e. 

J. Determine the per cent carbon from the calJ.bratJ.on curve. 

There may be a small but consJ.stent curve siuft durJ.ng a day's operatJ.on. 

A standard and blp,nk should be checked at the begJ.nnJ.ng, mddle, and end of an 8-hour 

day. 

The bal~:p.s:J.ng of the bndge after J.nsertJ.on of the sample J.s permJ.ssJ.ble 

sJ.nce the C02 from the combustJ.on does not reach the conductance brJ.dge_untJ.l about 

90 seconds -have elapsed. 

The u~e . 9f ceramJ.c pedestals (5/8 x 4-l/4 J.nch) 
protect the tube. These must also be prefJ.red but can be 
able from the McDanel Company). 

- III-2 -

under the boats WJ.ll 
used repeatedly. (A vall-

UCCNHT0000293 



SCOPE 

DETERMINA1:ION O;F NITROGEN :IN .. NIOBI!JM, ;METAL 
(DISTILLATION - 'l]TTRH{E_TRI;C METHOD) 

Tlus method :Ls appl:Lcable to mob:Lum metal conta:Lnlng more than 0.005% 
mtrogen. 

PRINCIPLE OF METHOD 

The sample ls d:Lssolved :Ln HF plus E202 , thus convert~ng the n:~.tr:~.des to 
the ammonlum salt. The ammon:Lum :Ls steam d:Lst:Llled out of the alkal:Lne solution 
into bone solut:~.on and tl trated Wl th standard aCl.d. 

SPECIAL APPARATUS 

Iucro-Kjeldahl apparatus as descr:~.bed ln Alldlyt:Lcal Chem:~.stry 23, 523 
(1951) except the d:Lgest:~.on flask has a volume of 150 ml. 

SPECIAL SOLUTIONS 

NaOH Solut:~.on - Dlssolve Iwo g. of NaOH :Ln one l:L ter of wa.ter. 

Bor:Lc Acid Solut:Lon - D:~.ssolve 20 g. of H3Bo3 :Ln one l:Lter of hot 
dlst:Llled water and cool. 

Mixed Indlcator - D:~.ssolve 0.10 g. of bromcresol green :Ln 10 ml. of 
methanol and 0.02 g. of methyl red :Ln another 10-ml. port:~. on of methanol. D:~.lute 
the two solut:Lons to 50 ml. each Wlth methanol and comb:Lne. 

0.00714N H2S04- This :Ls standnrdlZed aga:~.nst O.OlN NaOH wh1.ch has been 
freshly standard:Lzed aga:Lnst N.B.S. 84 potass1.um ac1.d phthalate. 

PROCEDURE 

Solut:~.on of_ Sample 

Transfer 1.00 g. of the sample (m:Lll:~.ngs or dr:~.ll:~.ngs) to a 100-ml. 
platlnum d:Lsh, add 5 ml. of HF and 15 drops of H202 (30%). Heat carefully, 
supplying JUst enough heat to keep the react:Lon go:Lng. When d:Lssolution :Ls com
plete, add 150 mg. of H3Bo3 and digest until the solut1.on :Ls clear. 

Run a blank on all the reagents. S:~.nce the water conta:Lns small amounts 
of n:~.trogen, the amount of water used for d:1.lut1.on and wash:Lng should be measured 
so that the blank will be comparable to the sample. 

Cool and transfer the solution of the sample to the dlgestion flask of 
the microdistillation apparatus. The outlet tube of the condenser should d:Lp 
into 5 ml. of the boric acid solut1.on containing 5 drops of the mixed ind:Lcator in 
a 125-ml. Erlenmeyer flask. Add 30 ml. of the NaOIJ solution to the digest:~. on flask 
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and admit steam. The dlstlllation ls complete three mlnutes after the flrst 
co~densate appears. Drop the Erlenmeyer flask untll the outlet tube ls approxl
mately one centimeter above the surface of the solutlon. Contlnue the dlstllla
tlon for one mlnute more. 

Tltrate the borlc acld solutlon Wlth the standardlzed H2So4 solution 
uslng a 5-ml. buret. 

% Nltrogen = (A - B) (0.01) 

where A = ml. of 0 .007llt-N H2so1J. used for sample 
B = ml. of 0.00714N H2so4 used for blank 
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SCOPE 

DETERMINA'J~ION. Q_F_ NITROGEH IN NIOBIUM METAL 
(-DISTII .. L.A'riON--:.. SPEG'rROFEOTOHETRIC METHOD) 

Thls method ls des1gned for the determ1nat1on of from 0.0001 (l p.p.m.) 

to 0 02% n1trogen 1n n1ob1um. 

PRINCIPLE OF t-1E'l'HOD 

The sample of nlolnum 1s dlssolved 1n m, and H20;:J. The solution 1s made 

ba~nc Wlth sodium hydrox1de CJ.nd the ammonu:. steam-du;t1lled 1nto a buffered solut1on. 

Chloram1ne-T solut1on and pyr1dlne .. pyrazolone reagent are added to the buffered 

solut1on and the colored ·complex cohta l.n1ng the arn.r.1on1a 1s extracted Wl th carbon 

tetrachlorlde and measured colonmetr1cally at l-1-50 m;<.. 

CONCENTRATION HANCE 

The range of the colored sysiJem uslng a 1-cm. cell 1s from 0 01 to 0.1 mg. 

of n1trogen 1n 50 ml. of solut1on. The system follovrs Beer's Lavr up to an absorbance 

of 1.0, but dev1ates sl1ghtly at lilgher absorbance values. 

The range of the colo:red system us1ng a 5-cm. cell 1s from 0.002 to 0.02 

mg. of n1tro13en 1n 50 ml, of solut1on. 

SPECIAL SOLUTIONS 

Amrnon1a-Free Water ·~ Slowly pass dlst1lled water through Dowex 50 1on 

exchange res1n. 

acld 1n 
The pH 

Buffer -· Transfer 13.6 g. of sodlum acetate CJ.nd 61.5 ml. of glac1al 

a one-l1ter volurnetrlc flask and d1lute to the murk Wlth ammon1a-free 

of the buffer should be betveen' 3.2 and 3.8. 

acetic 
water. 

Chloram1ne-T ·· D1ssolve 0.6 g. 1n 22 ml. of ammon1a-free vater. Prepare 

fresh before use. Store the sol1d reG.gent 1n a dG.rk place. The sol1d reagent some

t1mes deter1orates upon stand1ng and after a year 1t may lose 1ts effect1veness as 

a reagent. 

Pyrazolone - D1ssolve 0.63 g. of 3~methyl-l-phenyl-5-pyrazolone (Eastman 

Organ1c Chemlcals 1397), recrystallized from alcohol} 1n 250 ml. of ammon1a-free 

water by heating to 75°C. and alloWlng to cool. 

3.13 1 -D1methyl-l 2 1
1 -DlpheJ]-yl-·( i+}L 1 -b1-2-pyrazohne )-5} 5 1 -dlone /blspyrazoloneJ 

- Eastman Organlc Chem1cals 6969 - To prepdre thls solution for the compos1te 

pyridlne-pyrazolone reagent, dlssolve 0.050 gram of b1spyrazolone ln 50 ml. of 

pyr1dlne by alloWlng to stand 45 mlnutes. Thls solut1on 1s not stable and should be 

made JUSt pr1or to use. 

Pyr1dlne-Pyrazolone Heagent - Mlx 250 ml. of the pyrazolone solut1on Wlth 

50 ml. of the freshly prepared b1spyraz.olone-pyr1d1ne solut1on. Thls reagent should 

be prepared not more than 15 mlnutes pr1or to use. 
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Sod.J.um Hyd,rqx~de Solut1on -:-,Add 500 ml. of nmmonw-free water to 500 g. 

of NaOH pellets~ -Boll WJ.th. 2 grams of Devardn 1 G alloy for 10 nunutes. 'rhe solutlon 

does not need to be fJ.ltered from the alloy. 

Standard SolutJ.On of AmmonlU!ll Sulfate - Dlssolve 0.2358 g. of (NH4)2SO)+ 

1n approx1mately 500 ml. of ammoma-free water and dllute to one llter. Thls stock 

solutlon contalns 0 .0'5 mg. of' nl trogen per ml. Transfer 25 ml. of the stock 

solut1on to a 250~ml. volumetric flask and d.J.1ute to the mark WJ. th ammon1a-free 

water to make a so1utlon conta1mng 0.005 mg. of mtrogen per m1. 

SPECIAL APPARATBS 

The apparatus used for the d.J.stl1latlon of the ammollla corresponded to 

the KJeldah1 seffil-mJ.croapparatus, Flsher Catalog No. 59, Part No. 21-101, vllth the 

mod.J.fJ.cation of replacing the vacuum Jacket vll th a 300~ml. KJeldahl flask adapted 

WJ.th a 24/42 ground glass cqnnect1on. Of spec1al J.mportance J.S the use of the 

sllver condenser, Fisher Ca.talog No. 94, Part No. 21-110. 

PREPARATION OF CALIBRA'riON GH.APH 

Transfer 2, 5, lOJ 15, and 20 ml. portlons of the dllute standard ammonlum 

sulfate solut1on (0.005 g. of n1trogen per m1.) to 125-ml. Erlenmeyer flask. Add 

10 ml. of the buffer so1ut1on to each flask and to a flask contalnJ.ng no ammon1um 

sulfate to be carr1ed through the procedure as a blank on the reagents. Add water 

to each flask to br1ng the total volume of the solut1on to about 50 ml. Add 1.0 

ml. of the Chloram1ne-T solut1on from a buret and m1x, After 90 seconds, add 30 ml. 

of pyrldlne-pyrazolone reagent and mlX. A plnk color 1ndJ.cates the presence of 

ammonla. Al1ovr to stand for a L least two m1nute<l' (but not more than 15 mJ.nutes). 

Transfer the solut1on to a 250-ml. separatory funnel. Extract tWJ.ce WJ.th 15-ml. 

portlons of carbon tetrachlorlde. Collect the CCl4 layers 1n a 50-ml. flask and 

d.J.lute to the mark WJ.th ethanol and m1x. Measure the absorbance nt 450 mf( 1n a 

spectrophotometer with a l~cm. cell us1ng the blank as null. Plot absorbance versus 

concentratlon. 

If very low llltrogen concentratlons (< 0.01 mg.) are to be measured} 5-cm. 

cells should be used 1nstead of 1-cm. cells. 

PROCEDURE 

Transfer l.OO g. of the 100-mesh sample conta1n1ng from l to 100 mlcro

grams of nl trogen to a 100-ml. plat1num dlsh_, add 5 rnl. of HF and 15 drops of 
H202 ( 30%). Heat care fully, supJllylng JUst enough heat to keep the react1on go1ng. 

~nen dlssolut1on ls complete, add 150 mg. of H3Bo3 and digest untJ.l the solutlon 
J.s clear. 

Determlne a blank on all the reagents. 

Cool and transfer the solution of the sample to the d.J.gestJ.on flask of 
the microdistillatJ.on apparatus. 
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DISTILLATION QF AMMONJA AND D~VELO~MENT OF COLOR 

Wash down the sldes of the flask Wlth 100 ml. of water and cool. Place 
10 ml. of the buffer solutlon ln the dlstlllate trap. Attach the flask to the 
apparatus by means of a ball JOlnt tenslon clamp. Carefully add 40 ml. of 50% 
sodlum hydroxlde and steam dlstlll, collectlng 40 ml. of dlstillate. Develop the 
color as descrlbed ln the Preparation of Calibration Graph. 

REFERENCES 

l. Kruse, J. M., and Mellon, M. G., Anal. Chern. 25, 1188 (1953) 

2. Lear, J. B., and Mellon, M.G., Anal. Chern. 29, 293 (1957) 
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SCOPE 

DETERMINA'J_'ION OF OXYGE;N AND HJDROGEN IN NIOBIUM METAL 
(MJ?RO VACUUM-FUSION ~THOD USING-PLATINUM FLUX TECHNIQUE) 

Thls method lS sul table for the determu1a tlon of oxygen and hydrogen ln 
nloblum metal and related alloys ln the 0 to 500 p.p.m. ra.nge. (See Note l) 

PRINCIPLE OF METHOD 

Th1s method lS based on fuslon of the sample Wl th plat1num 1n a graphl te 
cruc1ble ln g hlgh-freq_uency va.cu':Yn furnace. Thus, the oxlde 1s reduced by the 
cnrbon, and the oxygen ls evolved'ns CO. Under the cond1.t1ons of-the h1gh tempera
ture and the hlgh vacmun, nl. tr1des are decomposed and N2 llberated, Like\nse, 
hydrogen 1s extracted from the sample a.s H2, Tlns mlxture of CO, H2, and N2 lS 
collected 1n a constant, ca.llbrated volume, and the percentages of the three deter
mlned by dlfferent1al pressure measurements. 

APPARA'rDS 

Bas1cally, the apparatus cons1sts of a hlgh-freq_uency furnace bu~lt aro~d 
a q_uartz tube, three glass mercury dJ.ffus1on pumps and accessory glassware for col
lecting and analyz1ng the gas together Wl. th su1 table back1ng::-up pumps for out-gasslng 
the system. A v1ew of the apparatus J.s shown 1n FJ.gure 1. Slmllar apparatus and 
methods have been descr1bed J.n the lJ.terature (l, 2, 3, 4), 

Power Supply - A l5=kv, Tocco motor generator is used as a source of hlgh
freq_uency power. 

FUrnace - The graphJ.te cruc1ble 1s heated by n1ne turns of double 1/4-lnch 
water-cooled copper tub1ng wound as closely as pos<:nble around the quartz tube but 
not toudung 1 t. Thls serves as the pr1mary and carrJ.es the h1gh~frequency cur:rent 
from the motor generator. The vert1cal sJlica tube extends thro~gh the copper co1l 
and restl? on a pedestal. The standard tube 1s 18 by 2-7/8 1nches O.D, by 2-·3/8 in¢hes 
I .D., made Wl th a round bottom Wl th an 1ntegral closure. The top 1s closed Wl th a 
brass head attached Wltn deKhotlnsky cement. Samples are 1ntroduced 1nto the furnace 
through a turret cap whlch f1 ts op th1s head and 1s sealed Wl th a l/8- x 3-lnch "0" 
ring and tlghtened Wlth thumb screws. The glass tubes are approx1mately 8 1nches long 
and are cemented 1n the turret lllpples Wlth deKhot1nsky cement. Samples are placed 1n 
the glass tubes and dropped 1nto the furnace by means of a brass-t1pped ferr1t1c 
sta1nless steel pusher man1pulated Wlth an Alnlco magnet, 

CD.lClble - The cruc1ble 1s mach1ned of hlghu·pun ty graphl te (Note 2), The 
samples are gu1ded lnto the cruclble w1th a graph1te funnel. The arrangement of the 
cruc1ble, thlmble, etc,, in the furnace 1s as follows 

A 2- x 6-l/2-lnch clear quartz th1mble Wlth two l/8-inch holes near the top 
and oppos1te each other for lqwenng 1t _1n~o place 1s prepared, 

200 M x D graphite is placed 1n the quartz thJ.mble to a depth of appr?Xl
mately 4-l/2 to 5 inches. The graph1te crucible 1s carefully centered ln th1s 
graphite powder to a depth of about 3 inches, Coarse graphlte chips (+20M) are 
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then placed on top of the IJOWder to the top of the graphl te cruc1ble, These ch1ps 
serve to prevent the powder from bloWlng out of the th1mble dur1ng the 1n1t1al de
gasslng operat1on. 

Th1s assembly 1s then lowered 1nto the qucutz tube where 1 t rests on a 
l- to 2-lnch layer of quartz ch1ps. 'l'he graph1 te funnel 1s next placed 1n pos1 t1on 
1n the mouth of the cruClble. A copper funnel rests 1n the top of the brass head 
and serves to gu1de samples 1nto the graphlte funnel. (See F1gure 2) 

Vacuum Pump1ng System ~· One two-stage and one three-stage glass mercury 
d1fi'u.s1on pump Wl th a h1gh capaCl ty and h1gh back1ng-up pressure, respect1 vely, are 
connected to the brass head w'"l th 1-l/2-lnch Pyrex tubu1g and ball and socket JOlnt 
The pu.rnps are heated electr1cally The output of' tne three-sttJ.ge pump feeds 1nto 
an autornat1c Toepl'er pump wh1ch compresses tne gases J.nto one of several cal1brated 
volumes. There are by-passes 1n th1s system for !1cLeod, 'rodd and P1rann1 gauges, 
and :ior a. th1rd dlffus1on pump and mechan1cal pump for 1n1tlal pump1ng out of the 
system. 

PROCEDTJ'nE 

Sample preparat1on - see Note 5 

Place samples and platu1um 1n the s1de arms of the furnace head. Close 
the furnace and evacuate. Heat the grantnte cruClble to 2300 to c2500°C. for approxl
mately 4 to 5 hours. Vent the gas coll~cted dunng th1s per1od to the atmosphere. 
Turn off the power, allo\J the cruc1ble to cool to approXllldtely 1500 °C., shut off 
the system from the atmosphere_, and detenn1ne the blank by dropp1ng a p1ece of 
plat1num equal 1n we1ght to plat1nurn ',,rrapped Vl th sample. Vlhen a sat1sfactory blan."k 
1s obtalned, drop the samples Wl th platunun success1 vely and collect the gases evolved 
1n the cal1brated volume and a.nalyze. A 10- to 15-m1.nute fus1on t1me 1s normal for 
most samples. The CI'lJ.Clble 1s cooled to l500"C. be-c.ween each sample lntroductlon and 
then the temperc:.ture ls ra1sed to 2000°C, to ensure complete reduct1on. 

An al1quot of the gas from a sample 1s taken 1nto a spec1al analyzer 
(Flgure 3). The gas 1s confJ ned 1n "t;he copper oxJ.de tube by ra1s1ng the mercury 1n 
the analyzer bulb. Hydrogen lS removed as H20 Wl th anhydrone and carbon dlOXlde 1s 
removed Wl th Ascar1 te. Pressure dlfferentlals are read on the "leg" of the anEllyzer 
wh1ch serves as a rr~nometer dur1ng analys1s. The results of th1s analys1s are 
calculated to standard condlt.lons and to welt;ht per cent of the gases in the sample 
after correct1ng for the blank. A slmllar type analyzer 1s descr1bed 1n the llter
ature (5), 

NOTES 

l. The apparatus can, of course_. be employed to determlne gases 1n other mater1als, 
l.e., tantalum_. t1tannun. tungsten_, 1ron and steel, etc. Flux; temperature, 
t1me, etc. "1-n.ll necessar1ly htiVe to be var1ed to su1 t each spec1f1c analys1s. 

2. Crue1ble - 7/8 x 3-l/2 1nch - CCH Grade (Natlonal Carbon Company) 

Funnel - l-l/2 x l-3/16 1nch ~- CCH Grade 

3. Sample Preparat1on - Sol1d samples are cut 1nto 1/4-lnch cubes and cleaned Wlth 
70% HN03-30% l~ solutlon or abraded Wlth a flle, ~dshed Wlth benzene or acetone, 
and a1r-dr1ed. Flnely d1v1ded st;,mples are welghed 1nto tln capsules (5 mm. by 
13 IJ1m.). All samples are wrapped w1 th approxunately tw1ce thelr we1ght of 0.001 
1nch plat1num sheet. 
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